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Description 

BELATED APPUCATIONS 

[0001] This application claims the benefit under 119 
(e) of US provisional applicatioa 60/1 23.532, filed March 
5, 1999, This application is a continuation -in -part of PCT 
application PCT/I LOO/001 32, filed on March 5. 2000. 
which designates the US. This application Is a!so related 
to WO 99/03533. 

FIELD OF THE INVENTION 

[0002] The present invention is related to the field of 
controlling blood serum glucose levels, especially by ap- 
plication of electric fields to a pancreas, to control insulin 
output. 

BACKGROUND OF THE INVENTION 



[0003] Control of insulin secretion is very important, 
as there are many living diabetes patients whose pan- 
creas is not operating correctly. In some type of diabe- 
tes, the total level of insulin is reduced below that re- 
qurm-d to maintam-normal blood glucose levels Jn -othr 

ers, the required msulin is generated, but only at an un- 
acceptable delay after the Increase in blood gSucose lev- 
els. In others, the body is, for some reason, resistant to 

the effects of insulin. 

[0004] Although continuous control (e.g., avoiding 
dangerous spikes and dips) of blood glucose level is de- 
sirable, it cannot currently be achieved in some patients. 
[0005] The insulin secretion process operates as fol- 
lows: glucose levels in the blood are coupled to depo- 
larization rates of beta islet cells in the pancreas,. It Is 
postulated that when there is a higher glucose level, a 
higher ratio of ATP/ADP is available in the beta cell and 
this closes potassium channels, causing a depolariza- 
tion of the beta cell. When a beta cell depolarizes, the 
level of calcium in the cell goes up and this elevated 
calcium !evel causes the conversion of pro-insulin to in- 
sulin and causes secretion of insulin from the cell. 
[0006] The beta cel^s are arranged in Islets, within a 
reasonable range of blood glucose levels, an action po- 
tential Is propagated in the islet. Generally, the electrical 
activity of a beta cell in an islet Is in the fonn of bursts, 
each burst comprises a large number of small action po- 
tentials. 

[0007] In PCT publication WO 99/03533. It was sug- 
gested to reduce the output of a pancreas using a non- 
excitatory electric field. 

[OOOe] PCT publication WO 98/57701 to Medtronic, 
suggests providing a stimulating electric pulse to an is- 
let, causing an early initiation of a burst and thus, in- 
creasing the frequency of the bursts and Increasing in- 
sulin secretion. 

[0009] The above PCT publication to Medtronic sug- 
gests providing a stimulating (e.g., above stimulation 



threshold) pulse during a burst, thereby stopping the 
burst and reducing insulin secretion. This publication al- 
so suggests stimulating different parts of the pancreas 
in sequence, thereby allowing unstimulated parts to 
5 rest. 

[0010] However, one limitation of the methods de- 
scribed in the Medtronic PCT publication is that increas- 
ing the burst frequency increases the level of intra-cel- 
lular calcium in the beta cells over a long period of time, 

w without the level being allowed to go down, during intra- 
burst intervals. This increase may cause various cell 
death mechanisms to be activated and/or otherwise up- 
setthe nonnal balance of the beta cell, eventually killing 
the cell. In addition, such high calcium levels may cause 

15 hyper-polarization of beta cells, thereby reducing insulin 
secretion and preventing propagation of action poten- 
tials. To date, no working electrical pancreatic control 
device Is known. 

[0011] Diabetologia (1992) 35:1035-1041, for exam- 
20 pie, describe the interaction of the various homnones 
generated by the pancreas. Insulin enhances glucose 
utilization, thereby reducing blood glucose levels, insu- 
lin also stimulates the secretion of glucagon which caus- 
es the liver to secrete glucose, increasing the blood glu- 
25 cose level. Somatostatin reduces the secretion o_f both 



insulin and glucagionT This pubiicat^ 
experiment in which sympathetic nen/ous stimulation 
caused an increase in Somatostatin secretion. It is sug- 
gested in this paper that normal glucose levels in a 
30 healthy human may be maintained with the aid of glu- 
cagon secretion, 

SUMMARY OF THE INVENTION 

35 [00121 An aspect of some embodiments of the inven- 
tion relates to selective and/or integrative comrot of the 
various hormones generated by thepancreas and which 
affect blood glucose level, to provide a control of blood 
glucose levels. Thecontrol may be achieved using pure 
40 electrical stimulation, or possibly using one or more 
pharmaceuticals and/or other molecules to Interact with 
the electiical stimulation in a desired manner. The phar- 
maceuticals may prevent the pancreatic ceWs trom pro- 
ducing and/or secreting a hormone. Alternatively, the 
45 pharmaceuticals may prevent the action of the hor- 
mone, for example by blocking the receptors or disa- 
bling the hormone. Alternatively or additionally, hor- 
mones, such as insulin, Somatostatin or glucagon may 
be provided from outside the body or using an insulin 
50 pump. In some embodiments of the invention, the con- 
trol Is non-excitatory (defined below). In other embodi- 
ments of the invention, thecontrol is excitatory or a com- 
bination of excitatory and non-excitatory control. 
[0013] In some exemplary embodiments of the Inven- 
55 tlon, the control is not merely of the blood glucose levels 
but also of the homnone levels required to provide a sat- 
isfactory physiological effect, rather than merely preven- 
tion of symptomatic effects of incorrKrt blood glucose 
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levels. Such control may be effected, for example to 
achieve desirable short term effects alternatively or ad- 
ditionally to achieving desirable long term effects. This 
type of positive control of two parameters should be dis- 
tinguished from merely controlling blood glucose by var- 
ylngthe insulin level. Such mere controtling may not al- 
low both desired blood glucose levels and Insulin levels 
to be achieved, possibly leading to over-exertion of the 
pancreas. 

[0014] tt is hypothesized that one possible reason for 
lack of success of nervous or direct stimulation of the 
pancreas for glucose control is the simultaneous and 
non-selective effect of the stimulation on the secretion 
of several different hormones, reducing the effective- 
ness of the hormones secreted and/or overworking the 
pancreas. 

[0015] In an exemplary embodiment of the invention, 
the secretion of a counteracting type of homnone (e.g., 
glucagon or msuiin) is suppressed, to prevent feedback 
interactions whereby the secretion of a target honnnone 
(e.g., insulin orglucagon) increases the secretion of the 
counteracting hormone. 

[0016] Alternatively or additionally, the stimulation of 
secretion of the target hormone is maintained at low 

~ - — - --enough levels that do not causes a significant se 

of the counteracting hormone. The secretion time may 
be extended, so that the total amount of hormone is suf- 
ficient for a desired result. 

[0017] Alternatively or additionally, the stimulation of 
secretion of the target of hormone is controlled to be in 
bursts that are not long enough to stimulate a significant 
secretion of the counteracting hormone. Alternatively 
the secretion may be made sustained, to purposely 
cause secretion and/or production of the counteracting 
hormone to a desired degree. 

[0018] Alternatively or additionahy, the secretion of 
the target homnone is maintained at a high enough level 
to overcome the counteracting effects. 
[0019] Alternatively or additionally, the stimulation of 
secretion of the target hormone is maintained at a high 
enough level to cause the generation of significant 
amounts of a secretion limiting honnone (e.g., Somato- 
statin), which secretion prevents the secretion of the 
counteracting hormone, but is not sufficient to prevent 
the simulation from releasing of the target hormone. 
[0020] Ah:ematively or additionally, the secretion of 
several of pancreatic honnones is suppressed by hyper- 
polarizing the pancreas. Such hyper-polarizatton can be 
eiectrical in nature or chemical. For example, Diazoxide 
causes hyper-polarization and reduces activity in the 
pancreas. 

[0021] Altematlvety or additionally beta cell response 
(e.g., insulin secretion) to high blood glucose levels is 
dampened, rather than blocked, so as to prevent hy- 
poglycemia. Aiternat^vely or additionally glucagon se- 
cretion is provided to prevent hyperglycemia, when high 
insulin levels persist in spite of reduced glucose intake. 
In some cases, damping of insulin response and/or pro- 



vision of glucagon are used to prevent overshoots 
caused, for example, by a delayed response to the ar- 
tif ici a\ control of the pancreas . 1 n some cases , the i ns u I In 
(or other honnone) increasing or decreasing pulse Is ap- 

5 plied and/or removed gradually (e.g., with regard to ef- 
fect or temporal frequency), to prevent such an over- 
shoot. Alternatively or additionally an active measure, 
such as providing an antagonistic hormone, is used. 
[0022] An a^ect of some embodiments of the inven- 

10 tion relates to effecting control of Insulin and/or glucose 
blood levels by controlling glucagon secretion. In an ex- 
emplary embodiment of the invention, such Increased 
glucagon secretion is used to increase blood glucose 
levels, instead of insulin secretion reduction or addition- 

^5 al too it. Optionally, the secretion of glucagon is limited 
so as not to cause a complete depletion of glucose 
sources in the liver. Alternatively or additionally insulin 
secretion is stimulated by ar^ increase in glucagon se- 
cretion. \r\ an exemplary embodiment of the invention, 

20 both a desired glucose level and a desired insulin level 
can be achieved simultaneously, by suitably controlling 
glucagon secretton. Alternatively or additionally, the 
need for abnormally high levels of insulin are prevented 
by not stimulating glucagon secretion. In some cases, 

25 insulin secretion is provided- to-p rompt Jb-e_cr-eating-.Qf. . 
glucose stores in the liver or glucagor^ is provided to de- 
plete such stores. 

[0023] in some exemplary embodiments of the inven- 
tion, controlling both glucose levels and insulin levels 
00 allows control over effects of Insulin other than blood 

glucose level, for example effects on lipid metabolism, 
gluconeogenesis in liver, ketogenesis, fat storage, gly- 
cogen formation. 

[0024] Alternatively or additionally, the liver may be 
35 overwhelmed with glucose and/or insulin, wtthoul asso- 
ciated hyperglycemia, so as to force complete filling of 
glycogen reserves and/or prevent hepatic absorption of 
glucose at a later time. 

[0025] Alternatively or additionally, insulin levels may- 
40 be reduced so that less glycogen is stored in the liver. 
This may be useful in von Gierke's over-storage disor- 
der and/or in other over-storage disorders. 
[0026] An aspect of some embodiments of the inven- 
tion relates to mapping the response and/or feedback 
45 behavior of a pancreas. Such mapping may be for, for 
example a particular patient, and/or for a type of patient 
and/or pancreatic disorder 

[0027] In an exemplary embodiment of the invention, 
one or more of the following properties of a pancreas is 
50 detennined: 

(a) the Interaction between two or more hormones, 
including one or more of the amplification gain (pos- 
itive or negative), the effect of short vs. long sus- 

55 tained changes in one hormone level on another, 
delay times for effect of one honnone on another, 
and/or natural sequences of honnone activation; 

(b) response of hormone secretion and/or produc- 
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tion to various stimuJatory and inhibitory effects, 
sucii as electrical fields, pharmaceuticals and/or 
nervous stimulation; 

(c) the effect of glucose levels, previous stimulation 
of the pancreas and/or pha rm ace utica I levels o n th e 
hormone interactions and responses to stimulation 
and to levels of other pancreatic homnones and/or 
other physiological parameters, for example levels 
of digestive enzymes; 

(d) burst ability vs. hormone creating ability inctud- 
ing, for example, intra-cellular hormone and pre- 
hormone storage capacity and/or time constants; 

(e) different behavior of different parts of the pan- 
creas; and 

(f) electrical activity of all or some of the pancreas. 

[0028] In some embodiments, the mapping also de- 
termines the effect of non-pancreatic hormones, for ex- 
ample pituitary, thyroid and adrenal homnones. Some of 
these hormones may Increase or reduce blood glucose 
level by direct effect on the liver. 
[0029] In an exemplary embodiment of the invention, 
a direct measurement of absolute or relative hormone 
levels and/or a measurement of glucose levels and/or 
— other physiological parameters; is usedto determine the 
effect of various stimuiation. Such measurements may 
be on-line or off-line. In an exemplary embodiment of 
the invention, a fiber-optic chemical sensor is used to 
assay honnone levels. Alternatively or additionally, an 
anti-body based test is used. In an exemplary embodi- 
ment of the invention, the controller includes a port or a 
guide wire to the pancreatic and/or portal circulatory 
system. Possibly, the port or guide wire exits the body 
reach untH just under the skin ancL^or open into a body 
lumenrfor easy access .-Such a port or guide wire may 
be adapted for guiding a catheter, for removing hormone 
laden biood from the pancreas, The catheter and/or 
guide wire may be removed once a mapping stage is 
over. Alternatively or additionally, the port is used to 
guide an endoscope, for implantation and/or reposition- 
ing of sensors and/or electrodes. 
[0030} Alternatively or additionally to measuring intra- 
pancreatlc interactions, the adaptation of the pancreas 
to various physiological states and/or the adaptation of 
the body to various pancreatic states and/or blood hor- 
mone levels, is also measured. Such measuring may be 
perfonned m a laboratory. Alternatively or additionally, 
an ambulatory or implanted device is provided to a pa- 
tient, to measure the above pancreatic behaviors over 
time. 

[0031] In an exemplary embodiment of the invention, 
the above measured behaviors are used as parameters 
for a predictive model of the behavior of the pancreas. 
Altematively or additionally, a new model, for example 

a neural netwo!l< type model is created from the meas- 
urements. Such a model is possibly sued to predict the 
effect of a therapy and/or to choose between alternative 
therapies. In an exemplary embodiment of the invention, 



such a model is used to select a therapy for glucose level 
reduction virhlch increases Insulin secretion but does not 
increase glucagon secretion. 

[D0321 An aspect of some exemplary embodlnnents 

5 relates to controlling pancreatic behavior indirectly by 
controllingtheflow of blood to the pancreas, for affecting 
honnone generation and secretion and/or by controlling 
blood flow from the pancreas, to effect hormone dissem- 
ination and/or local levels of hormone \n the pancreas. 

JO In an exemplary embodiment of the invention, the blood 
flow Is controlled using non-excitatory electrical fields 
that selectively contract or relax arteries and/or veins to, 
from or inside some or all of the pancreas. 
[0033] An aspect of one exemplary ennbodiment of 

15 the invention relates to a method of increasing insulin 
secretion, while avoiding unacceptable calcium level 
profiles, In an exemplary embodiment of the Invention^ 
insulin output is Increased by extending a burst duration, 
while maintaining a suitably lengthy interval between 

20 bursts, thus allowing calcium levels to decay during the 
interval. Alternatively or additionaily insulin output is in- 
creased by Increasing the effectiveness of calcium in- 
flow during a burst, possibly without changing the burst 
frequency and/or duty cycle. Alternatively In both meth- 

25- -ods^the burst4requency- may-be-reduced^rid/o.r.tli&irb^^_^ 
terval increased, while allowing higher insulin output lev- 
els or maintaining same output levels. 
[0034] In an exemplary embodiment of the invention, 
the effects on insulin secretion are provided by applying 

30 a non-excitatory pulse to at least part of the pancreas. 
As used herein the term non-excitatory Is used to de- 
scribe a pulse that does not generate a new action po- 
tential, but may modify an existing or future poter>tial. 
This behavior may be a result of the pulse, amplitude, 

35 . _ frequency or pulse envelope, and generally 

pends on the timing of the pulse application. It is noted 
that a single pulse may have excitatory and non-excita- 
tory parts. For example a 100 ms pacing pulse, may 
cease to have a pacing effect after 20 ms and have real 

40 non-excitatory effects after 40 ms. 

[0035] The pulse may be synchronized to the local 
electrical activity^ for example, to bursts or to individual 
action potentials. Alternatively or additionally, the pulse 
may be synchronized to the cycle of changes in insulin 

45 level in the blood (typically a 12 minute cycle in healthy 
humans). Alternatively, the pulse may be unsynchro- 
nlzed to local or global pancreatic electrical activity. Al- 
ternatively, the applied pulse may cause synchroniza- 
tion of a plurality of Islets in the pancreas, for example 
50 by initiating a burst. A two part pulse may be provided, 
one part to synchronize and one part to provide the non- 
excitatory activity of the pulse- Although theterm "pulse" 
used, it is notedthatthe applied electric field may have 
a duration longer than an action potential or even longer 
55 than a burst. 

[0036] An aspect of some exemplary embodiments of 
the invention relates to reducing calcium levels in beta 
islet cells, In an exemplary embodiment of the invention, 
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the levels are reduced by providing an orai drug. Alter- 
natively, the levels are reduced by increasing ttie inter- 
val between bursts. The inten/als may be increased, for 
example, by suppressing bursts of action potentials, for 
example using excitatory or non-excitatory pulses. Al- 
ternatively, an electro-physloioglcal drug is provided for 
that purpose. Forexanple, Procainamide HCL and Qui- 
nidine sulfate are Na channel antagonists. Minoxidil and 
Pinacidil are K channel activators, and Amiloride HCL 
is an Na channel and epithelial antagonist. Other suita- 
ble pharmaceuticals are known in the art, for example 
as described in RBI Handbook of Receptor Classi- 
fication, and ava^!able from RBi inc. This reduction in 
calcium levels may be performed to reduce the respon- 
siveness of the pancreas to glucose levels in the blood. 
Alternatively or additionally, this reduction is used to off- 
set negative side effects of drugs or other treatment 
methods and/or to enforce a rest of at least a part of the 
pancreas. Alternatively or additionally, this reduction 
may be offset by increasing the effectiveness of insulin 
secretion. 

[0037] An aspect of some exemplary embodiments of 
the invention relates to pacing at least a portion of the 
pancreas and, at a delay after the pacing, applying a 
""rion-exc^^^ 

provided to enhance or suppress insulin secretion or for 
other reasons. In an exemplary embodiment ot the in- 
vention, the pacing pulse provides a synchronization so 
that the non^excitatory pulse reaches a plurality of cells 
at substantially a same phase of their action potentials. 
A further pulse, stimulating or non-excitatory may then 
be provided based on the expected effect of the non- 
excitatory pulse on the action potential. 
[0038] An aspect of some exemplary embodiments of 
the ihvemion relates to simultaneously providing phar- 
maceuticals and electrical control of a pancreas. In an 
exemplary embodiment of the invention, the electrical 
control counteracts negative effects of the pharmaceu- 
ticals. Alternatively or additionally, the pharmaceutical 
counteract negative effects of the electrical control. Al- 
ternatively or additionally, the electrical control and the 
pharmaceutical complement each other, for example, 
the pharmaceutical affecting the insulin production 
mechanisms and the electrical cor^trol affecting the in- 
sulin secretion mechanism. The electrical control and/ 
or the pharmaceutical control may be used to control 
various facets of the endocrinic pancreatic activity, in- 
cluding one or more of; glucose level sensing, insulin 
production, insuiin secretion, cellular regeneration, 
healing and training mechanisms and/or action potential 
propagation. In an exemplary embodiment ot the inven- 
tion, electrical and/or pharmaceutical mechanisms are 
used to replace or support pancreatic mechanisms that 
do not work well, for example, to replace feedback 
mechanisms that turn off insulin production when a de- 
sired blood glucose level is achieved. The pharmaceu- 
ticals that interact with the pancreatic controller may be 
provided for affecting the pancreas. Alternatively they 



may be for other parts of the body, for example for the 
nervous system or the cardiovascular system. 
[0039] An aspect of some exemplary embodiments of 
the Invention relates to activating pancreatic cells in var- 
5 ious activation profiles, for example to achieve training, 
regeneration, healing and/or optimal utilization. In an ex- 
emplary embodiment of the invention, such activating 
can include one or more of excitatory pulses, non-exci- 
tatory pulses and application of pharmaceuticals and/or 
10 glucose. It is expected that diseased cells cannot cope 
with normal loads and will degenerate if such loads are 
applied. However, by providing sub-nomnal loads, these 
ceils can continue working and possibly heal after a 
while using self healing mechanisms. In particular, it Is 
15 expected that certain diseased cells, when stimulated 
atatleastaminimatactivationlevel.willhealjatherthan 
degenerate. Alternatively or additionally, it is expected 
that by stressing cells by a certain amount, compensa- 
tion mechanisms, such as increase in cell size, re- 
20 sponse speed and profile to glucose levels, cell effec- 
tiveness and/or cell numbers, will operate, thereby 
causing an increase in insulin production capability, in- 
sulin response time and/or other desirable pancreatic 
parameters. The appropriate activation profiles may 
25- need-to be determined Qn.a.pMe^^^^ 



Possibly, different activation profiles are tested on one 
part of the pancreas, and if they work as desired, are 
applied to other parts of the pancreas. These other parts 
of the pancreas may be suppressed during the testing, 
3Q to prevent overstressing thereof- Alternatively, they may 
be maintained at what is deemed to be a "safe", level of 
activity, for example by electrical control or by phamna- 
ceutlcal or insulin control. 

[0040] An aspect of some exemplary embodiments of 

35 the invention rel ates to el ectrical ly aff ectin g and p refer- 

ably controlling insulin generation, alternatively or addi- 
tionally to affecting irtsutin secretion. In an exemplary 
embodiment of the invention, insulin production is en- 
hanced by "milking" insulin out of beta cells so that their 
40 supplies of insulin are always under par. Alternatively or 
additionally, by under-milking such cells (e.g., preven- 
tion of secretion), insulin production is decreased. In 
some patients opposite effects may occur - over milking 
wiil cause a reduction in insulin production and/or under- 
45 milking will increase insulin production. Alternatively, in- 
suiin production is suppressed by preventing a cell from 
secreting insulin (e.g.. by preventing depolarization), 
thereby causing large amount of insulin to stay in the 
cell, and possibly, prevent further production of insuiin. 
50 Such mechanisms for stopping the production of insulin 
have been detected in pancreatic cells. 
[0041] In an exemplary embodiment of the invention, 
by causing a cell to store a large amount of insulin, a 
faster response time can be achieved, when large 
55 amounts of insulin are required, for example to combat 
hyperglycemia. The cetis can then be systemically de- 
polarized to yield their stores of Insuiin. Possibly, a plu- 
rality of pancreatic cells (the same or different ones at 
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different times) are periodicaily set aside to serve as in- 
sulin burst providers. 

[0042] Alternatively or additionally, suppression of in- 
sulin output is used during medical procedures, to pre- 
vent liypogiycemia. Alternatively or additionally, sup- 
pression or enhancement of insulin output is used to 
ovenworl^ pancreatic tumor eel is, so they die from over 
production or from over-storage of insulin. In some cas- 
es, the overworking of cells caused by cycling demand 
may be used as a form of stress to weaken celts, and in 
combination witli another stress source, kill the cells. Al- 
ternatively or additionally, suppression of insulin output 
is used to reduce the activity of an implanted pancreas 
or pancreatic portion, to assist in its getting over the 
shock of transplantation. 

[0043] An aspect of some exemplary embodiments of 
the invention relatesto controlling the propagation of ac- 
tion potentials and/or other parameters of action poten- 
tials in islet cells, alternativety or additionally to control- 
ling parameters of burst activity. In an exemplary em- 
bodiment of the Invention, a pulse, optionally synchro- 
nized to individual action potentials In an islet, Is used 
to controi the action potential, for example to increase 
or decrease its plateau duration. Alternatively or addi- 
tional ry,"a reduction 

wards the end of a burst is counteracted, for example 
by pacing the cells to have a des^^ed frequency or to be 
more excitable. 

[0044] In an exemplary embodiment of the invention, 
action potential propagation is controlled, for example 
enhanced or blocked, by selectively sensitizing or de- 
sensitizing the beta ceils in an islet, using chemical and/ 
or electrbal therapy. Entiancement of action potential 
may be useful for increasing insulin production rates, es- 
pecially it thegliicosesending mechanism insome cells 
are damaged. Suppression of action potential propaga- 
tion is useful for preventing insuHn production and/or en- 
forcing rest. 

[0045] An aspect of some exemplary embodiments of 
the invention relates to indirectly affecting the pancreatic 
activity by changing pancreatic response parameters, 
such as response time to increases in glucose level and 
response gain to Increases in glucose ievel. Thus, for 
example, a non-responsive pancreas can be sensitized, 
so that even small changes in glucose level will cause 
an outflow of Insulin. Alternatfvety, a weak or over-re- 
sponsive pancreas can be desensitized, so that it isnt 
required to generate (large amounts of) insulin for every 
small fluctuation in blood glucose level, it is noted that 
the two treatments can be simuttaneously applied to dif- 
ferent parts of a single pancreas. 
[0046] An aspect of some exemplary embodiments of 
the invention relates to synchronizing the activities of 
different parts of the pancreas. Such synchronization 
rnay take the form of all the different parts being activat- 
ed together. Alternatively, the synchronization compris- 
es activating one part (or allowing it be become active) 
while suppressing other parts of the pancreas (or allow- 



10 

ing them to remain inactive). In an exemplary embodi- 
ment of the invention, the synchronization Is applied to 
enforce rest on different parts of the pancreas. Alterna- 
tively or additionally, the synchronization Is provided to 

5 selectively activate fast-responding parts of the pancre- 
as or slow responding parts of the pancreas, 
[0047] In an exemplary embodiment, synchronization 
between Islets or within islets is enhanced by providing 
pharmaceuticals, for example Connexin, to reduce gap 

10 resistance. Such pharmaceuticals may be adminis- 
tered, for example, orally, systemically via the blood lo- 
cally or locally, for example via the bile duct, in an ex- 
emplary embodiment of the invention, such pharmaceu- 
tical are provided by genetically altering the cells tn the 

IS pancreas, for example using genetic engineering meth- 
ods. 

[0048] An aspect of some exemplary embodiments 
relates to implanting electrodes (and/or sensors) in the 
pancreas. In an exemplary embodiment of the invention, 
20 the electrodes are provided via the bile duct. Possibly, 
a controller, attached to the electrode is also provided 
via the bile duct. In an exemplary embodiment of the 
invention, the implantation procedure does not require 
general anesthesia and is applied using an endoscope. 

25 Altern atively,-the electrodes are provided th rou gh the in- -- - 

testines. Possibly, also the device which controls the 
electrification of the electrodes is provided through the 
intestines. In an exemplary embodiment of the inven- 
tion, the device r^ains in the intestines, possibly In a 
30 folded out portion of the Intestines, while the electrodes 
poke out through the intestines and into the vicinity or 
the body of the pancreas. Alternatively, the electrodes 
may be provided through blood vessels , for example the 
portal vein. In an exemplary embodiment of the inven- 
ts tlon, the electrodes are elongated electrodes, with a plu- 
rality of dependent or independent contact points along 
the electrodes. The electrodes may be straight or 
curved. In an exemplary embodiment of the invention, 
the electrodes are poked into the pancreas in a curved 
40 manner, for example being guided by the endoscope, 
so that the electrodes cover a desired surface or volume 
of the pancreas. The exact coverage may bo deter- 
mined by imaging, or by the detection of the electricf ield 
emitted by the electrodes, during a post implantation 
45 calibration step, 

[0049] An aspect of some exemplary embodiments of 
the invention relates to a pancreatic controner adapted 
to perform one or more of the above methods. In an ex- 
emplary embodiment of the Invention, the controller Is 
50 implantable Inside the body. An exemplary controller in- 
cludes one or more electrodes, a power sou reef or elec- 
trifying the electrodes and control circuitry for controlling 
the electrification. Optionally, a glucose or other sensor 
Is provided for feedback control. 
35 [0050] There is thus provided In accordance with an 
exemplary embodiment of the invention, a pancreatic 
controller, comprising: 
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a gSucose sensor, for sensing a level of glucose or 
insulin in a body serum; 

at least one electrode, for electrifying an insulin pro- 
ducing cell or group of cells; 
a power source for electrifying said at least one 
electrode with a pulse that does not initiate an action 
potential in said cell and has an effect of increasing 
insulin secretion; and 

a controller which receives the sensed level and 
controls said power source to electrify said at least 
one electrode to tiave a desired effect on said level, 
Optionally, said insulin producing cell is contiguous 
with a pancreas and wherein said electrode is 
adapted for being placed adjacent said pancreas. 
Alternatively or add itionally, said controller compiis- 
es a casing suitable for long temn implantation in- 
side the body. Alternatively or additionally, said 
electrode is adapted for long term contact with bile 
fluids. Alternatively or additionally, the apparatus 
comprises an electrical activity sensor for sensing 
electrical activity of said cell and wherein said power 
source electrifies said electrode at a frequency 
higher than a sensed depolarization frequency of 
said cell, thereby causing said cell to depolarize at 
the higtW frequency: " ~~ "~" 

[0051] In an exemplary embodiment of the invention, 
said pulse is designed to extend a plateau duration of 
an action potential of said cell, thereby allowing more 
calcium inform into the cell. Optionally, said puise is 
deigned to reduce an action potential frequency of said 
cell, while not reducing insulin secretion from said cell. 
[0052] In an exemplary embodiment of the invention, 
said pulse is designed to extend a duration of a burst 
activity of said cell. 

[0053] In an exemplary embodiment of the invention, 
said pulse has an amplitude sufficient to recruit non-par- 
ticipating insulin secreting cells of said group of cells. 
[0054] In an exemplary embodiment of the Invention, 
the apparatus comprises at least a second electrode ad- 
jacent for electrifying a second cell of group of insulin 
secreting cells, wherein said controller electrifies said 
second electrode with a second pu^se different from said 
first electrode. Optionally, said second pulse is designed 
to suppress insulin secretion. Optionally, said controller 
is programmed to electrify said second electrode at a 
later time to forcefully secrete said insulin whose secre- 
tion is suppressed earlier Alternatively, said second 
pulse Is designed to hyper-polarize said second cells. 
[0055] In an exemplary embodiment of the invention, 
said controller electrifies said at least one electrode with 
a pacing pulse having a sufficient amplitude to force a 
significant portion of said ceils to depolarize, thus align- 
ing the cells' action potentials with respect to the non- 
excitatory puise electrification. 

[0056] in an exemplary embodiment of the invention, 
said controller synchronizes the electrification of said 
electrode to a burst activity of said cell. 



[0057] In an exemplary embodiment of the invention, 

said controller synchronizes the electrification of said 

electrode to an individual action potential ot said ceil. 

[0058] In an exemplary embodiment of the Invention, 
5 said controller does not synchronize the electrification 

of said electrode to electrical actwity of said ceil. 

[0059] In an exemplary embodiment of the invention, 

said controller does not apply said pulse at every action 

potential of said cell. 
10 [0060] tn an exemplary embodiment of the invention, 

said controller does not apply said pulse at every burst 

activity of said cell. 

[0061] in an exemplary embodiment of the invention, 
said pulse has a duration of less than a single action 

15 potential of said cell. Optionally, said pulse has a dura- 
tion of less than a plateau duration of said cell. 
[0062] In an exemplary embodiment of the invention, 
said pulse has a duration of longer than a single action 
potential of said cell. 

20 [0063] In an exemplary embodiment of the invention, 
said pulse has a duration of longer than a burst activity 
duration of said cell. 

[0064] in an exemplary embodiment of the Invention, 
said controller determines said electrification in re- 
25- sponse to a-pharmaceutlcaL_treatment applied to. the 



cell, Optionally, said pharmaceutical treatment compris- 
es a pancreatic treatment. Alternatively or additionally 
said controller applies said pulse to counteract adverse 
effects of said pharmaoetitical treatment. 
30 [0065] In an exemplary embodiment of the Invention, 
said controller applies said pulse to synergistically inter- 
act with said pharmaceutical treatment. Alternatively, 
said controller applies said pulse to counteract adverse 
effects of pacing stimulation of said cell. 
35 [0066]- In an exemplary embodlment of the invention, 
said apparatus comprises an alert generator Optionally, 
said controller activates said alert generator if said glu- 
cose level is below athreshold. Alternatively or addition- 
al\y, said controller activates said alert generator if said 
40 glucose level is above a threshold, 

[0067] There is also provided a method of controlling 
insulin secretion, comprising; 



45 



50 



providing an electrode to at least a part of a pancre- 
as; 

applying a non-excitatory pulse to the at least part 
of a pancreas, which pulse increases secretion of 
insulin. Optionally, the method comprises applying 
an excitatory putee In association with said non-ex- 
citatory pulse. Alternatively or additionally, the 
method comprises applying a secretion reducing 
non-excitatory in association with said non-excita- 
tory pulse. 



55 [0068] In an exemplary embodiment of the invention, 
the method comprises applying a plurality of pulses in 
a sequence designed to achieve a desired effect on said 
at least a part of a pancreas, 
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[0069] There is thus provided in accordance with the 
invention, a pancreatic controiler, comprising: 

at least one electrode adapted Tor electrifying at 
least a portion of a pancreas; and 
a controller programmed to electrify said at least 
one electrode and adapted to control at least two 
members of a group consisting of blood glucose lev- 
el, blood insulin level and blood fevel of another 
pancreatic honnone. Optionally, controlling com- 
prises modifying said at least two members simul- 
taneously. Alternatively or additionally, controlling 
comprises selectively modifying only one of said at 
least two members, while at least reducing a caus- 
ative interaction between said two members. Alter- 
natively or additionally, controlling comprises main- 
taining at least one of said members within a de- 
sired physiologic range. Alternatively or additional- 
ly, said at least two members comprise glucose lev- 
el and msutin level. Optionally, controlling compris- 
es modulating an effect of said insulin not related to 
carbohydrate metabolism. 

[0070] In an exemplary embodiment of the invention, 
ar iGast Q'ne of said twa^ 

Optionally, controlling comprises increasing glucagon 
secretion, to contract an effect of insulin. Alternatively 
or additionally, controlling comprises increasing gluca- 
gon secretion, to achieve higher blood glucose levels. 
Alternatively or additionally, controlling comprises re- 
ducing the secretion of glucagon, when insulin secretion 
is increased. 

[00711 In an exemplary embodiment of the invention, 
at least one of said two members comprise Somatosta- 
tin: Alternatively or additionallyj at least one of said 
members comprises glucose level. Optionally, said con- 
troller selects between alternative control therapies, a 
therapy that has a least disrupting effect on said glucose 
levels. 

[0072) In an exemplary embodiment of the invention, 
said controller uses solely electrical fields to control said 

members. 

[0073] In an exemplary embodiment of the Invention, 
said controller takes molecules provided in the body, in- 
to account, for said control. Optionally, said molecuies 
are provided without a control of said controller. Aiter- 
natlvely, said molecules are provided under a control of 
said controller. 

[0074] In an exemplary embodiment of the invention, 
said molecules suppress the secretion of at ieast one 
pancreatic hormone. Alternatively or additionally, 
wherein said molecules suppress the effect of at least 
one pancreatic hormone. Alternatively or additionally, 
said molecules enhance the secretion of at least one 
pancreatic hormone. Alternatively or additionally, said 
molecules enhance the effect of at least one pancreatic 
hormone. 

[00751 In sn exemplary embodiment of the invention, 



controlling a member homnone comprises suppressing 
a secretion of an antagonistic honnone. Alternatively or 
additionally, controlling a member hormone comprises 
enhancing a secretion of an antagonistic hormone. 

5 [00761 In an exemplary embodiment of the invention, 
said controller comprises a learning memory module for 
storing therein feedback interaction of said pancreas. 
Optionally, said feedback interactions comprises inter- 
actions between homnone levels, Alternatively or addi- 

10 tionally, said feedback interactions comprises interac- 
tions between homnone levels. Alternatively or addition- 
ally, said feedback interactions are dependent on blood 
glucose levels. Alternatively or additionally, said feed- 
back interactions are determined by said controller, by 

15 tracking a behavior of said pancreas. Optionally, said 
controller actively modifies at teast one of a glucose lev- 
el and a pancreatic hormone level, to collect feedback 
interaction information. 

[00771 in an exemplary embodiment of the inventson, 
20 the controller comprises a sensor for sensing a level of 
said controlled member. Alternatively or additionally, the 
controller comprises an estimator for estimating a level 
of said controlled member. Alternatively or additionally, 
said electrode applies a non-excitatory pulse to effect 

25- - said control . Alternatively or additionally, said. electrode 

applies an excitatory pulse to effect said control. 
[0078] In an exemplary embodiment of the invention, 
said electrode modifies blood flow associated with said 
pancreas to effect said control. Optionally, said modified 

30 bbod flow comprises blood flow to honnone generating 
cells of said pancreas. Alternatively, said modified blood 
flow comprises blood flow from said pancreas. 
110079] In an exemplary embodiment of the invention, 
said modified blood flow comprises blood flow from hor- 

35 mone generating cells of said pancreas. 

[0080] In an exemplary embodiment of the invention, 
said at least one electrode comprises at least two elec- 
trodes that selectively electrify different parts of said 
pancreas, to achieve a desired control of said at least 

40 two members. 

[0081] In an exemplary embodiment of the invention, 
controlling comprises controlling secretion. 
[0082] In an exemplary embodiment of the invention, 
controlling comprises controlling production. Altama- 

45 tively or additionally, controlling comprises controlling 
pliysiological activity. 

[0083] There is also provided a method of mapping 
pancreatic behavior of a pancreas, comprising: 

50 determining a behavior of a pancreas at a first set 

of conditions; 

determining a behavior of a pancreas at a second 
set of conditions; and 

analyzing the behavior of the pancreas and the sets 
55 of conditions, to detennlne a behavior pattern of the 
pancreas. Optionally, said behavior pattern com- 
prises an interrelationship between two hormones 
of said pancreas. Alternatively or additionally, said 
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15 

sets of conditions are naturaHy occurring. Alterna- 
tively, said sets of conditions are at ieast partially 
artiffcially induced. 

[0084] In an exemplary embodiment of the invention, 
the method connprises controiHng said pancreas re- 
sponsive to said determined behavior. Optionally, con- 
trolling comprises controlling using pharnnaceuticals. Al- 
ternatively or additionally, controlling comprises control- 
ling using electrical fields. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0085] Particular embodiments of the invention will be 

described with reference to the following description of 
exemplary embodiments in conjunction with the figures, 
wherein identical structures, elements or parts which 
appear in more than one figure are optionally labeled 
with a same or similar number in all the figures in which 
they appear, in which: 

Fig, 1 is a block diagram of a pancreatic controller, 
in accordance with an exemplary embodiment of 
the invention; 
Fig."2isa6mgramo 

of a single beta cell, operating at slightly elevated 
glucose levels; 

Fig. 3A is a flowchart of an exemplary control logic 
scheme, in accordance with an exemplary embod- 
iment of the invention; 

Fig. 3B is a flowchart of another exemplary control 
logic scheme, in accordance with an exemplary em- 
bodiment of the invention; 

Figs, 4A-4D illustrate different types of electrodes 
that may be suitable for pancreatic electrificatlorivin 
accordance with exemplary embodiments of the in- 
vention; 

Fig. 4E illustrates an electrode, in which the body 
of the controller of Fig. 1 serves as at least one elec- 
trode, in accordance with an exemplary embodi- 
ment of the invention; 

Fig. 5 illustrates a pancreas subdivided into a plu- 
rality of control regions, each region being electri- 
fied by a different electrode, in accordance with an 
exemplary embodiment of the Invention; 
Figs. 6A and 6B are flowcharts of implantation 
methods, in accordance with exemplary embodi- 
ments of the invention; 

Fig. 7 is a flowchart of an exemplary method of con- 
troller implantation and programming, in accord- 
ance with an exemplary embodiment of the inven- 
tion; 

Fig. 8 is a chart showing the effect of electrical stim- 
ulation on Insulin levels, in six animals; 
Fig. 9 is a graphic showing the effect of electrical 
stimulation on blood glucose levels, in an experi- 
ment in which glucose levels are increased faster 
than would be expected solely by inhibition of insu- 



lin secretion; 

Figs. 10A-1 OB are a chart and a pulse diagram, re- 
spectively, of an experiment showing reduction in 
glucose levels as a result of applying an electrical 
5 pulse in accordance with an exemplary embodi- 
ment of the invention; 

Figs. 11A-11B areachart and a pulse diagram, re- 
spectively, of an experiment showing reduction in 
glucose levels as a result of applying an electrical 
10 pulse In accordance with an exemplary embodi- 
ment of the invention; 

Figs, 1 2A-1 28 are a chart and a pulse diagram, re- 
spectively, of an experiment showing reduction in 
glucose levels as a result of applying an electrical 

15 pulse in accordance with an exemplary embodi- 
ment of the invention; and 
Figs. 1 3A-1 3B are a chart and a pulse diagram, re- 
spectively, of an experiment showing reduction in 
glucose levels as a result of applying an electrical 

20 pulse in accordance with an exemplary embodi- 
ment of the invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OVERVIEW 

25 - - - — - — - -- — 

[00861 Fig. 1 is a block diagram of a pancreatic con- 
troller 102, in accordance with an exemplary embodi- 
ment of the invention. In an exemplary embodiment of 
the invention, device 102 is used to provide controlling 
30 pulses of electricity to a pancreas 1 00. Such controlling 
pulses may include excitatory stimulating pulses and 
non-excitatory pulses. In particular, such pulses can in- 
clude padng putees and action potential modifying puls- 
es. 

35 [0087] In an exemplary embodiment of theMentipn, 
the controlling pulses are used to control the glucose 
and insulin level of a patient. Further, a particular desired 
profile of glucose and/or insulin may be achieved. Alter- 
natively or additionally, the secretion and/or generation 

40 of other pancreatic hormones may be controlled. Other 
uses of controller 1 02 will be evident from the descrip- 
tion below and can include, for example, training, heal- 
ing and preventing damage of pancreatic cells. 
[0088] Exemplary and non-limiting examples of met- 

45 abolic and/or horniona! disorders that may be treated by 
suitable application of the methods described below, In- 
clude non-Insulin dependent diabetes mellitus, insulin 
dependent diabetes mellitus and hypehnsulemia. 
[0089] The following description includes many differ- 

50 ent pulses that may be applied to achieve a desired ef- 
fect, it should be clear that the scope of the description 
also covers apparatus, such as controller 1 02that is pro- 
grammed to apply the pulses and/or process feedback, 
as required. It should also be noted that a desired effect 

55 may be achieved by applying various combinations of 
the pulses described below, fortwo different sequences. 
The particular combinations of pulses that is appropriate 
for a particular patient may need to be determined on a 
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patient by patient basis and may aiso change over time. 
Exemplary pulses and sequences, however, are de- 
scribed below. 

EXEMPLARY DEVICE 

[0090] Pancreatic controlier 1 02, inciudes generally a 
fieid source 104 for generating eiectric fields across 
pancreas 1 00 or portions thereof, which field source is 
controlled by control circuitry 106. A power source 108 
optionally powers field source 104 and control circuitry 
106. The electrification is applied using a plurality of 
electrodes, for example a common electrode 110 and a 
plurality of individual electrodes 112. Alternatively other 
electrode schemes are used, for example a plurality of 
electrode pairs. 

[0091] Electrical and other sensors may be provided 
as well, for input into controiler 106. Although the elec- 
trodes may also serve as electrical sensors, in an ex- 
emplary embodiment of the Invention, separate sen- 
sors, such as a pancreatic sensor 1 1 4 or a glucose blood 
sensor 11 8 on a blood vessel 120, are provided. Extra- 
cellular sensors, for measuring inter-cellular glucose 
levels, may also be provided. Controller 102 may also 
" rnclude ah"e)^^^^^ 
power or programming to control circuitry 1 06 and/or 
power source 108. Alternatively or additionally, the ex- 
ternal unit may be used to provide indicafions from a 
patient and/or sensor information. Alternatively or addi- 
tionally, the external unit may be used to provide alerts 
to the patient, for example if the gl ucose level is not prop- 
erly under control. Alternatively or additionally, such 
alerts may be providedfrom Insldethe body, for example 
using low frequency sounds or by electrical stimulation 
of a nerve, a muscle or the intestines, 
[0092] Additional details of this and other exemplary 
implementations will be provided below. However, the 
general structure of controller 102 may utilize elements 
and design principles used for other electro-physiologi- 
cal controllers, for example as described in PCT publi- 
cations WO97/25098, WO 98/10831 . WO98/10832 and 
US patent application 09/260,769. It is noted, however, 
that the frequencies, power levels and duration of pulses 
in the pancreas may be different from those used, for 
example, in the heart. In particular, the power levels may 
be lower. Additionally, the Immediate effects of an error 
in applying a pulse to the pancreas are not expected to 
be as life threatening as a similar error in the heart would 
be, excepting the possibility of tissue damage, which 
would cause an increase in severity of disease of the 
patient. 



TISSUE TO WHICH THE CONTROLLER IS APPLIED 

[0093] The present invention is described mamly with 
reference to pancreatic tissues. Such tissue may be in 
the pancreas or be part of an implant, possibly else- 
where in the foody, or even in the controller envelope 



itself, the implant comprising, for example, homologous, 
autologus or heterologous tissue. Altematively or addi- 
tionally, the implant may be genetically modified to pro- 
duce Insulin. It should be noted that different parts of the 
5 pancreas may have different secretion -related behavior 
and/or response to electric fields. 

ELECTRICAL ACTIVITY IN THE PANCREAS 

10 [0094] Fig. 2 Is a diagram of an exemplary electrical 
activity of a single beta cell, operating at slightly elevat- 
ed glucose levels. In a large soaSe graph 1 30, the activity 
of asing!e cell is shown as comprising a plurality of burst 
periods 132 comprising a plurality of individual action 

15 potentiate and separated by a plurality of interval periods 
134, in which periods there are substantially no action 
potentials. As shown in a blow-up graph 140, each burst 
comprises a plurality of depolarization events 142, each 
followed by a repolarization period 144. The level of intra 

20 cellular calcium increases during the burst 1 32 and de- 
creases during interval 134. 

[0095] The beta ceils of a pancreas are arranged In 
Islets, each such Islet acts as aslngle activation domain, 
in which, when the glucose levels are high enough, a 

25- propagating-aetion potential is to-be found. Thus,-ihe- -- 
aggregate etectrical activity of an islet is that of a repeat- 
ing average action potential, at a frequency, of for ex- 
ample, 1 Hz, which generally depends on the propaga- 
tion time of an action potential through the Islet. During 

30 intervals 1 34, if enough of the beta cehs share the inter- 
val, the entire islet may be generally silent or contain 
only sporadic depolarization events. Individual cells 
may operate at higher frequencies, for example, 5-20 
Hz. Alternatively or additionally, a slow wave may pro- 

35 vide an envelope of about 3-5 cycles/min . It should be 
noted that the synchronization and/or correlation be- 
tween cells in an islet may depend on gap Junctions be- 
tween beta and other cells. The resistance or such gap 
junctions may depend on the glucose and/or hormone 

40 levels, and as such, may also be determined and con- 
trolled, \n accordance with some embodiments of the in- 
vention. Altematively or additionally, the level of syn- 
chronization in an islet and/or between islets may be 
used as an indicatorfor glucose and/or hormone levels. 

45 

INSULIN SECRETION INCREASE 

[0096] The secretion of insulin, as differentiated from 
the production of insulin, may be increased in several 

50 ways, in accordance with exemplary embodiments of 
the invention. The following methods may be applied to- 
gether or separately. Also, these methods may be ap- 
plied locally, to selected parts of the pancreas, or glo- 
baISy> to the pancreas as a whole. 

55 [0097] In a first method, the duration of a burst 1 32 is 
increased, thus allowing nnore calcium to enter the beta 
cells. It is believed that the level of calcium in the cell is 
directly related to the amount of insulin released by the 
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cell. One type of pulse which may be applied Is a pacing 
pulse, whteh forces the cells in the islet to depolarize. 
Such a pulse is optionally applied at the same frequency 
as individual action potentials, e.g., 10 Hz. However, It 
may not be necessary to pace every action potential, a 
periodic pacing signal may be sufficient to force contin- 
uous depolarization events. As well known in the art of 
cardiac pacing, many techniques can be applied to In- 
crease the capture probability of the pacing signal, for 
example, double pacing, pulse shape and duration. 
These methods may also be applied, with suitable mod- 
ifications, to the pacing of the pancreas, An alternative 
method of increasing burst length is by increasing the 
sensitivity of the beta cells to depolarization, for exam- 
ple, by sub-threshold pulses. Another method of sensi- 
tizing the cells and/or increasing their acSon potential 
duration is by hyperpolarizingthe cells prior to a forced 
or normal depolarization. Possibly, by preventing the 
normal reduction in depolarization frequency towards 
the end ot a burst, a higher insulin output can be 
achieved for a same length burst. 
[0098] In another method of increasing insulin secre- 
tion is by increasing the calcium inflow efficiency of the 
individual action potentials. In an exemplary embodi- 
"mMtoTtheTnven 
length of the plateau durations 144. for example by ap- 
plying an electric pulse during the repolarization period 
associated with each of depolarization events 142. If 
such a pulse is applied early enough in the repolariza- 
tion phase of an action potential, period, priorto closing 
of the calcium channels that provide the calcium inflow, 
these channels may stay open longer and will provide 
more calcium inflow. It is noted that the frequency of fir- 
ing of the beta ceils may be reduced. 
[0099] In some cellsrthe calcium inflow may be more 
efficient during the depolarization period. In these cells, 
depolarization period 142 is optionally extended, for ex- 
ample by applying an additional depolarizing pulse dur- 
ing the depoiarization or very shortly after. Alternatively 
or additionally, a phannaoeutical that enhances repolari- 
zation may be provided, so that the repolarization time 
is shorter and more of the duration of a burst 132 can 
be spent in depolarization events. Alternatively or addi- 
tionally, a plateau duration can beshortened by applying 
a suitable pulse during the piateau. In one example, ap- 
plying a pulse after the calcium channels close, is ex- 
pected to shorten the repolarization time. Alternatively 
or additionally, the individual action potentials are 
paced, at a rate higher than normal for the glucose Eevel. 
This pacing can override the end of repolarization and 
force mora frequent depolarization events. It is noted 
that a considerably higher pacing rate can be achieved 
by pacing than would naturally occur for same physio- 
logical conditions. Posslbiy, the pacing rate is higher 
than physiologically nomnal for an islet at any glucose 
level. 

[0100] In another method, the insulin secretion is en- 
hanced by pacing the islets to have a higher frequency 



of bursts (as opposed to a higher frequency of action 
potentials, described above). The resulting shortening 
in intervals 134 may have undesirable effects, for exam- 
ple by maintaining high calcium levels In a cell for too 

5 long a period of time. In an exemplary embodiment of 
the invention, this potential shortcoming is overcome by 
increasing the interval durations, for example, by apply- 
ing a hyper-polarizing pulse during the interval, thus al- 
lowing calcium to leal< out of the beta cells. It is noted 

10 however, that In some cases, sustained elevated calci- 
□ni levels may be desirable. In which case, the Intervals 
may be artificially shortened. In compensation, the ef- 
fectiveness of the burst in causing the secretion of insu- 
lin may be reduced, 

13 [0101] Apotential advantage of pacing is that the pac- 
ing signal will cause depolarization and associated re- 
cruitment of beta cells that would not othenwlse take part 
in the activity of the pancreas. It is expected that as intra- 
cellular calcium levels rise (or some other control mech- 

20 anism), some cells will cease to participate in electrical 
activity. By applying a pacing pulse, such cells are ex- 
pected to be forced to participate and, thus, continue to 
secret insuJln. 

[0102] Another potential advantage of pacing is relat- 
es- ed to the synehronization-problem, As can be appreci- 
ated, some types of controlling pulses need to be ap- 
plied at a certain phase in the cellular action potential. 
In a propagating action potential situation, it may be dif- 
ficult to provide a single pulse with timing that matches 
30 all the ce^ls, especially as the depolarization frequency 
increases. However, by forcing simultaneous depolari- 
zation of an entire islet, the phases are synchronized, 
making a desirable pufse timing easier to achieve. It is 
noted, however, that even if there is no pacing, some 
55 pulses, such as for extending a plateau of an .action po- 
tentials, can be applied at a time that is effective for a 
large fraction of the cells in the islet. 
[0103] Alternatively or additionally to calcium mediat- 
ed vesicle transport, in an exemplary embodiment of the 
40 invention, the elecftrical field ateo directly releases insu- 
lin from the REP of the cell and/orfn^m other organelles 
in the cell 

INSULIN SECRETION SUPPRESSION 

45 

[0104] In some cases, for example if the glucose level 
is too low, suppression of insulin secretion may be de- 
sirable. Again , the following methods may be applied to- 
gether or separately. Also, as noted above, different 

50 methods may be applied to different parts of the pancre- 
as, for example, by differently electrifying electrodes 112 
of Fig. 1, thus for example, Increasing secretion from 
one part of the pancreas while decreasing secretion 
from a different part at the same time. 

55 [0105] In a first method of insulin secretion reduction, 
the beta cells are hyper polarized, for example by ap- 
plying a DC pulse. Thus, the cells will not respond to 
elevated glucose levels by depolarization and insulin se- 



11 



21 



EP 1 263 498 B1 



22 



cretion. It is noted that the applJed pulse does not need 
to be synchronized to the electrical activity. It is expected 
thatthe hyper polarization will last a short while afterthe 
pulse is terminated. Possibly, only the length of the in- 
terval is increased, instead of completely stopping the 
burst activity. 

[0106] in a second method, the Insulin stores of the 

pancreas are dumped, so that at later times, the cells 
will not have significant amounts of insulin available for 
secretion. Such dumping may be performed for exam- 
ple, with simultaneous provision of glucose or an insulin 
antagonist, to prevent adverse effects. The insulin an- 
tagonist, glucose or other phannaceuticals described 
herein may be provided In many ways. However, in an 
exemplary embodiment of the invention, they are pro- 
vided by external unit 116 or by an intemal pump (not 
shown) in controller 102. 

[0107] In a third method, the plateau durations 144 
are shortened, for example by over-pacins the islet 
cells, so that there Is less available time for calcium in- 
flow. Alternatively, the intra-depolarizatlon periods may 
be extended, by hyper-polarizmg the cells during repo- 
larization and after the calcium channels dose (or forc- 
ing them closed by the hyper polarization). This hyper 



polarSatioiri"OT^^ 
tion and thus, reduce the total inflow of calcium over a 

period of time. 

[0108] Alternatively or additionally, a hyper-polarizing 
pulse may be applied during a burst, to shorten the 
burst. 

AFFECTING INSULIN PRODUCTION 

[0109] Various feedback mechanisms are believed to 
link the electrical activity ofthe beta cells and tiie pro- 
duction of insulin. In an exemplary embodiment of the 
invention, these feedback mechantsmsaremanipuiated 
to increase or decrease insulin production, atternatively 
or additionally to directly controlling insulin secretion, 
[0110] In an exemplary embodiment ofthe invention, 
beta cells are prevented from secreting insulin, for ex- 
ample, by applying a hyper-polarizing pulse. Thus, the 
intra-cellular stores remain full and less insulin is man- 
ufactured (and thus less insulin can reach tiie blood 
stream). 

[0111] In an exemplary embodiment of the invention, 
the beta cells are stimulated to release insulin. Depend- 
ing on the cell, it is expected that if a cell ts over stimu- 
lated, it becomes tired out and requires a significant 
amount of time to recover, during which time it does not 
produce insulin. If a cell is under stimulated, it is expect- 
ed that It m\l overtime produce less insulin, as it adapis 
to its new conditions. If a celi is stimulated enough, it will 
continuously produce insulin at a maximal rate. 

PANCREATIC RESPONSE CONTROL 

[0112] In an exemplary embodiment of the invention, 



rather than directly control insulin secretion levels, the 
response parameters of the pancreas are modified, to 
respond differently to glucose levels. One parameter 
that may be varied is the response time. Another param- 
5 eter isthe gain {amplitude} ofthe response. In some sit- 
uations, these two pairameters cannot be separated. 
However, It is noted that by providing complete control 
of the pancreas, many different response profiles can 
be provided by controller 102 directly. 
10 [0113] In an exemplary embodiment ofthe invention, 
the response time of the pancreas Is increased or re- 
duced by blocking or priming the fast-responding por- 
tions of the pancreas, In patients that have both fast and 
slow responding portions. Blocking may be achieved, 
15 for example, by partial or complete hyper-polarlzatlon. 
Priming may be achieved, for example, by applying a 
sub-threshold pulse, for example, just before depolari- 
zation. A potential advantage of such a sub-thneshold 
pulse is that it may use less power than other pulses. 
20 [0114] The gain of the response may be controlled, 
for example, by blocking or by priming parts of the pan- 
creas, to control the total amount of pancreatic tissue 
taking part in the response. It Is noted that priming "slow 
response" cells causes them to act as fast response 
25 - ceils, thereby-increasing the-gain-of the fast4:esponse.^^^^ 
In some cases, the priming and/or blocking may need 
to be repeated periodically, to maintain the sensitivity 
profile of the pancreas as described. 
[0115] Alternatively or additionally, the sensitivity of 
30 the pancreas may be enhanced (or decreased) by sup- 
porting (or preventing) the propagation of action poten- 
tials, for example by providing a suitable pharmaceuti- 
cal* Octonal and Heptonal are examples of pharmaceu- 
ticals that decouple gap junctions. 
35 [0116] In an alternative embodiment of the invention, 
the secretion and/or production ability of part or all of 
the pancreas is modified, by controlling the blood flow 
to and/or from the pancreas. 

[01171 it Is hypothesized that reducing the blood flow 
40 to Uie pancreas will reduce the production and/or secre- 
tion rate of various pancreatic hormones. 
[0118] Atternativety or additionally, by preventing hor- 
mone laden blood from leaving the pancreas, the local 
concentration of the various hormones increases and 
45 exhibits a stronger secretion enhancing or inhibiting ef- 
fect (as the case may be) for other hormones. 

NON-LNSULIN CONTROL 

50 [0119] Alternatively or additionally to controlling the 
secretion of production of insulin, the secretion and/or 
production of other pancreatic hormones may be con- 
trolled. Exemplary such hormones include glucagon, 
somatostatin and pancreatic poly-peptide (PR). The lev- 

55 els and/or profile of ^evel of these honnones may be con- 
trolled while controlling insulin levels or while Ignoring 
msuiin levels. In some embodiments of the invention, 
the hormones may be controlled partially independently 
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of insulin. 

[0120] Some of the pancreatic hormones interact via 
biological feedback mechanisms, for example, an in- 
crease in glucagon also increases insulin. These inter- 
actions may be represented using a set of equations. In 
other embodiments, a neurai network may be used. In 
an exemplary embodiment of the invention, use is made 
of the fact that the feedbacl< equations are not linear. 
Instead, the equations typicaHy include a time delay and 
different gams for different relative honmonal levels. Fur- 
ther, the physiological mechanism may depend on glu- 
cose levels, on nervous simulation, on previous activity 
of the pancreas and/or on various digestive homione. 
The particular equations and/or equation parameter for 
a particular patient may need to determined for that pa- 
tient, for example by controlled experimentation (e.g., 
modifying one hormonal level and tracking the effect on 
others) or by observation. 

[0121] Once the equations are known, the control of 
one hormone may be Independent of other hormones. 
For example, instead of providing a large increase in 
glucagon, which will increase insulin levels, a smaller 
increase, over a long period of time, may have a similar 
effect, without prompting glucagon secretion (which 
WQuId~c6nfou^^ 

lln). Alternatively or additionally, the increase in gluca- 
gon (or, conversely, insulin or other pancreatic hor- 
mones) is made as a series of short bursts, with rest 
periods between bursts. Thus, even though the secret- 
ed hormone perfonns its activity, it does not build up In 
the blood and/or in the pancreatic cells, to levels which 
will cause significant secretion of the antagonistic hor- 
mone. 

[0122] Alternatively or additionally, phamnaceuticals 
miay be used to reduce the sensitivity of one ceH type 
relative to other eel! types (orto increase the sens itivity); 
thus modifying the feedback equations and allowing 
some leeway In selective control of the homiones. Al- 
ternatively, the responses ot the cells may be regular- 
ized by the phamnaceuticals, so all cell types respond 
in a more unifonn manner Exemplary pharmaceuticals 
that selectively affect pancreatic behavior, include strep- 
tozotocin and alloxan, which reduce insulin output from 
beta-celis and various drugs used for treatment of dia- 
betes. 

[0123] Alternatively or additionally, the pharmaceuti- 
cals that are provided block the receptors for the hor- 
mone to be selectively disabled. Alternatively or addi- 
tionally, the phamriaceuticals, for example anti-bodies, 
disable the hoimone In the blood stream. 
[0124] Exemplary pharmaceuticals are described^ for 
example. In J Biol Chem 2000 Feb 11 ; 275(6):3827-37, 
Acta Crystallogr D Biol Crystaliogr2000 May; 56 (Pt6): 
573-80, Metabolism 1999 Jun; 48{6):71 6-24, Am J 
Physiol 1999 Jan; 276(1 Pt 1):E19-24, Endocrinology 
1998 Nov; 1 39(11 ):4448-54, FEBS Lett 2000 May 12; 
473{2):207-11, Am J Physiol 1999 Aug; 277(2 Pt 1): 
E2S3-90, Cur Phamn Des 1999 Apr; 5(4):255-63 and J 
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Clin Invest 19998 Apr 1;101 (7):1421-30. 
[0125] Alternath/eiy or additionally, as different parts 
of the pancreas have different ratios of cell types^ differ- 
ential modification of one homnone over other hormones 

5 may be achieved by selectively stimulating only certain 
pancreas portions and/or selectively blocking the activ- 
ity of pancreas portions. 

[0126] Alternatively or additionally, the response of 
different cell types to a same electrlcai field stimulation 
10 may be different, thus allowing differential control of dif- 
ferent homnones. 

[0127] A distinction should be noted between control- 
ling hormonal levels and controlling glucose levels by 
causing the secretion of hormones. Glucose level con- 

is trol at least prevents the damage to the body cause by 
high or low glucose levels, however, it does not guaran- 
tee the availability of glucose to the body ceils. Main- 
taining desirable honnone levels, on the other hand, can 
not only maintain glucose within a desired range, it can 

20 also guarantee that a sufficient level of insulin is availa- 
ble so the body ceils can assimilate the glucose. Addi- 
tionally, various desirable bodily effects caused by the 
hormones, such as control of fat and protein metabolism 
prevention of insulin tolerance, can be achieved, 

-;25- [0128J- it should-be noted, that in-some cases-what is- 
desirabie is a hormone ratio or a temporal honnone pro- 
file, rather than a simple hormonal value. These effects 
can be achieved, for example, by temporally varying the 
control of the hormones. 

30 

EXEMPLARY CONTROL LOGIC 

[0129] Fig. 3A Is a flowchart of an exemplary control 
logic scheme 200, m accordance with an exemplary em- 

55 bodlment of the invention. In this scheme, the Intensity 
of pancreatic activity (and associated dangers) is in- 
creased with the increase in glucose levei. The various 
methods of increasing and decreasing pancreatic activ- 
ity are described In more detaii above or below-Alerts 

40 are optionally provided to the patient at extreme glucose 
levels. In addition, the method possibly prefers to error 
on the side of causing hyperglycemia, whose adverse 
effects are less critical than those of hypoglycemia, 
whose adverse effects are immediate. It is noted than 

45 automated control logic for controlling glucose levels 
have been developed previously for insulin pumps and 
may also be applied for controller 102. An added ability 
of controller 102 is to suppress the body's own produc- 
tion of Insulin. An added limitation which controller 102 

so optionally takes into account is the avoidance of dam- 
aging the pancreas by over stimulation. 
[0130] In a step 202, the glucose level is determined. 
Many methods maybe used to detemnine glucose level. 
In an exemplary embodiment of the Invention, in cases 

55 of hyperglycemia, the measurement Is repeated several 
t^mes before starting treatment. In cases of hypoglyc- 
emia, the measurements may be repeated few times or 
not at all, before starting treatment. The cycle of treat- 
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ment is optionaily repeated every two to five minutes. 
Alternatively, in critical situations such as hypoglycennia, 
the cycle is repeated even more frequently. 
[0131] If the glucose level is under 60 (mg/dl) (step 
204), further insulin production is optionally suppressed 
(206) and, optionally, the patient is alerted (208). 
[0132] If the glucose level is between 60 and 150 
(210), no action is taken, as these are nomnal glucose 
levels. 

[0133] if the glucose levei is between 150 and 200 
(212), the action taken depends on the previous action 
taken and the previous measured glucose level. If, for 
example the previous level was higher, the insulin se- 
cretion activity may be maintained or reduced- If, on the 
other hand the glucose level was lower, the insulin se- 
cretion level may be increased. For example, a pulse 
application ratio of 1 :3 between burst that are modified 
and bursts that are not modified may be provided if the 
glucose level is now reduced from its previous meas- 
urement. It should be appreciated, of course that the ex- 
act glucose levels and pulse parameters used for a par- 
ticular patent will dependent only on the patient's med- 
ical history, but also on that patient's particular response 
to the pulse parameters used. Some patients may not 



an associated InsuHn pump) for just these cases. 
[0139] It should be noted the above method is only 
exemplary. For example, the exact action at each may 
be modified, as can be the mixture of actions, the pulse 

5 parameters and the delays before changing action . 
[0140] This control method utilizes delayed closed 
loop control circuits. Alternatively, open-loop circuits, 
which are similar to conventional glucose level manage- 
ment, may be provided. In such a bop, the amount of 

10 insulin output from a particular pulse application is 
known and is applied responsive to an intrequent meas- 
urement of the glucose level, for example using a blood 
test. Periodic glucose level testing may be applied to de- 
tect failed control. Intermediate control Soops, control clr- 

13 cults having a smaller delay and combined control loops 
(having both open loop and closed loop) may be used 
in other exemplary embodiments of the invention. 
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pancreatic activity modification schedule used. 
[0134] If the glucose level is between 200 and 250 
(216), the action taken (218) can depend on the previ- 
ous action taken for example providing a pulse applica- 
tion ratio between 1:1 and 1 :2. Alternatively or addition- 
ally, the action taken can depend on the degree of 
change, direction of change and/or rate of change of gl u- 
cose levels. Optionally, a model of insulin secretion, di- 
gestion and/or effect on blood glucose level are used to 
assess the significance of changes in glucose ^evel. 
[0135] If the glucose level Is between 250 and 300 
(220), an even higher pulse application rate, such as 1: 
l.can be applied (222). 

[0136] Glucose levels higher than 30O can be quite 
dangerous. Thus, If such high rates are determined, a 
faster pacing rate, to the burst orto the Individual action 
potentials (224), may be applied. Alternatively or addi- 
tionally, a non-excitatory pulse to enhance secretion is 
also applied to at least some of the pacing pulses. 
[0137] If the level is over 400 (226), a bi-phasic pacing 
pulse for the individual action potentials (228) may be 
provided. Such a pulse is expected at its first phase to 
induce depolanzation and at its second phase to extend 
a plateau duration such that calcium Inflow is increased. 
Alternatively or additionally, if not previous applied, con- 
trol of multiple pancreatic regions may be provided, to 
increase the total portion of the pancreas being used to 
secret insulin at a higher rate. 

[0138] If the glucose level is over 500 (230) emergen- 
cy measures may be required, for example alerting the 
patient or his physician (232) and dumping aW available 
insulin in the pancreas (234). A store of available insulin 
may be maintained in the pancreas or in device 1 02 (or 



LONG TERM AND SHORTTERWI CONSIDERATIONS 



[01 41] When applying electrification pulses in accord- 
ance with exemplary embodiments of the invention, 
both short temn and long term effects are optionally tak- 
en into considerations. Short term effects, include, for 
25 example effects or> of insu Hn secretion-an d p roductio n. 
Long term effects include, for example, effects on tissue 
viability and capability and electrode polarization. 
[0142] As will be described below, long terms effects 
may be negative, such as cell death, or positive, such 
30 as training or promoting healing. 

[0143] Polarization and encrustation of the electrodes 
are optionally avoided by using ionic electrodes and ap- 
plying balanced pulses (with substantially equal positive 
and negative charges). Alternatively, special coated 
35 electrodesi such as thos e coated with- 1 ridi urn oxide o r 
titanium nitride, may be used. Alternatively or addition- 
ally, relatively large electrodes may be used. The bal- 
ancing may be on a per pulse basis or may be spread 
over several pulses. 
40 [0144] In an exemplary embodiment of the invention, 
controller 102 stores in a memory associated therewith 
(not shown) a recording of the glucose levels, the ap- 
plied electrical and/or phannaceutical control, food In- 
take and/or the effect of the applied control on electrical 
45 activity of the pancreas and/or effects on the blood glu- 
cose level. 

CELLULAR TRAINING 

50 [01 45] In an exemplary embodiment of the Invention, 
the applied electrification and/or phannaceutical profiles 
are used to modlfythebehavior of islet cells Jn essence, 
training the cells to adapt to certain conditions. It is ex- 
pected that slightly stressing a beta cell will cause the 

55 cell to compensate, for example by enlarging or by caus- 
ing new beta cells to be produced. Such regeneration 
mechanism are known to exist, for example as de- 
scribed in "Amelioration of Diabetes Meliitus in partially 
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Depancreatized Rats by poly{ADP-ribose) synthetase 
inhibitors. Evidence of isiet B-ceil Regeneration", by Y 
Yonemura et. al, in Diabetes; 33(4) :401 -404, April 1984. 
Over stressing can kill the cell. Thus, the level of stress 
that enhances the cells' operation may need to be de- 
termined by trail and error for each patient, in an exem- 
plary embodiment of the invention, the trial and errors 
are performed on different parts of the pancreas, option- 
ally with a bias to under-stressing rather than for over 
stressing- in an exemplary embodiment of the Invention, 
over stressing is detennined by a marked reduction in 
insulin output or by reduced or abnormal electrical re- 
sponse. 

[0146] Alternatively or additionally, a pancreatic cell 
insensitive to medium glucose levels may be trained to 
be sensitive to lower glucose level, by exciting it more 
frequently and/or exciting it at times of slightly elevated 

glucose levels, 

[01 47] In an exemplary embodiment of the invention, 
such training pulses are applied in combination with 
pharmaceuticals aimed to cause regeneration or heal- 
ing, 

[0148] It is noted that training and activation profile 

matching can also be used to maintain a cell in shape 
in a patient temporarily taking insulin, er-to support a ceJi - 
that is recuperating, for example from a toxic material 
or from the onset of diabetes. 

ADDITIONAL EXEMPLARY LOGIC 

[0149] Fig. 3B is a flowchart of another exemplary 
control logic scheme 240, in accordance with an exem- 
plary embodiment of the invention. Fig. 3B is similar to 
Fig. 3A, however, a lower degree of discrimination be- 
tween glucose levels Is shown in Fig . 3B, for clarity pres- 
entation. The reference numbers in Fig. 3B are 40 more 
than for corresponding elements In Fig. 3A. 
[0150] Fig. 38 illustrates controlling hormonal levels, 
Increasing glucagon secretion and selecting a treatment 
protocol or parameter based on the effect on pancreatic 
hormones other than insulin. 

[0151] In response to a glucose level sensing (242), 
if the level is low, presenting hypoglycemia, insulin se- 
cretion Is optionally suppressed (246). Alternatively or 
additionally, glucagon secretion is increased (245). 
[0152] If the glucose levels are normal (260). an ad- 
ditional test is optionally perfonned, as to whether the 
hormonal levels are normal (251). in an exemplary em- 
bodiment of the invention, the hormone levels (e.g., In- 
sulin and/or glucagon) are directly measured using suit- 
able sensors, for example fiber optic sensors or limited 
use chemical assay sensors. Alternatively or addition- 
ally, the levels are estimated based on the variation in 
blood glucose levels and/or electrical activity of the pan- 
creas. If hormone levels are too low, they are increased 
(253). Possibly, if the homnone levels are too high, stim- 
ulation is stopped and/or even suppressed (not shown). 
Possibly, a control logic similar to that of Figs. 3A and 



SB is prompted by a sensing of hormone levels. 
[0153] Sklppmg elements 252 through 258, which are 
the same as In Fig. 3A, if the glucose level is high and 
a tasl respor^se is desired, a test is made as to which 
5 one of a plurality of available treatments and/or treat- 
ment parameters is preferred (260). One Issue is which 
treatment will cause the secretion of glucagon, which 
secretion wilt confound the desired glucose reducing ef- 
fect. 

10 [0154] tn any case, If after a suitable time delay the 
glucose levels have not gone down (266) more drastic 
treatment is applied. 

PULSE SHAPES AND PARAMETERS 

15 

[0155] The range of pulse forms that may be applied 
usefully is very wide. It must be noted that the response 
of the cells in different patients or of ditferent cells in a 
same patient, even to same pulses, is expected to differ 

20 considerably, for example due to genetics and disease 
state. Also, the conduction of electrical signals in the vi- 
cinity of the pancreas is affected by the irregular geo- 
metrical form of the pancreas and the layers of fat sur- 
rounding it. These isolating layers may require the ap- 

25 pi ication- of higher-than- expected amplitudes... _ 

[0156] It is also noted that, al least for some embod- 
iments, the application of the pulse Is for affecting a cer- 
tain portion of the pancreas and not the entire pancreas. 
[0157] The of significant propagation of action 

30 potentials from one islet of the pancreas to another may 
require a relatively uniform field In the part of the pan- 
creas to be affected. However, completely uniform fields 
are not required as any edge effects are contained only 
to the islets with the intermediate electric field strengths 

.35 and/orbecause it is exped:edthat the cell behavior does 
not vary sharply with the applied amplitude, except per- 
haps at certain threshoSd levels. 
[0158] Further, the beta ceils' behavior may be de- 
pendent on glucose level, on cellular insulin storage lev- 

40 el and/or on previous activity of the cells. Unlike cardiac 
cells, which operate continuously and typicaliy at a limit 
of their abHity and/or oxygen usage, normal pancreatic 
cells are provided with long rests and are operated at 
sub-maximal levels. 

45 [0159] A first parameter of the pulse is whether it is 
AC or DC. As the pulse may be applied periodically, the 
term DC pulse is used for a pulse that does not alternate 
in amplitude considerably during a single application, 
while an AC pulse does, for example having an Intrinsic 

50 frequency an order of magnitude greater that 1/pulse 
duration. In an exemplary embodiment of the Invention, 
DC pulses or pulses having a small number of cycles 
per application, are used. In this usage, a pulse that is 
synchronized to a burst is considered AC if it alternates 

55 in amplitude, for example ten times over the burst dura- 
tion, even though this frequency is actually lower than 
the action potential frequency If, conversely, the pulse 
is a square pulse synchronized to the individual action 
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potentials, it wHI be considered a DC pulse, for this dis- 
cussion, although its actual frequency is higherthanthe 
AC pulse. 

[0160] Exemplary frequencies for AC pulses applied 
to bursts are between 1 and 1 000 Hz and for AC piilses 
applied to action potentials, between 20 and 2000 Hz. 
Optlonahy. the AC frequencies are between 50 and 1 50 

Hz, 

[0161] Various pulse durations may be used. An ad- 
vantage of a DC long duration pulse is the lack of tran- 
sients that might inadvertently affect other tissue. Such 
a pulse is expected to be useful for hyper-poiarization 
of ceiis and, thus, may last for several seconds or even 
minutes or hours. Optionally however, very long dura- 
tion pulses are interrupted and possibly, their polarity 
switched to prevent adverse effects such as tissue po- 
larization near the electrodes or over-polarization of the 
target tissue. 

[0162] A pulse for affecting a burst may last, for ex- 
ample, between 1 ms and 1 00 seconds. Exemplary du- 
rations are 1 0 ms, 1 00 ms and 0.5 seconds. Long pulses 
may be, for example 2 or 20 seconds long. A pulse for 
affecting a single action potential will generally be con- 
siderably shorten for example being between 10 and 
" 5do1^sT6ngV E^^^^ 

ms. However, longer pulses, such as 600 or 6000 ms 

long may also be applied. 

[0163] In AC pulses, various duty cycles can be used, 
for example 10%, 50%, 90% and 100%. The percent- 
ages may reflect the on/off time of the pulse or they may 
reflect the relative charge densities during the on and 
off times. For example, a 50% duty cycle may bs pro- 
viding, on the average, 50% of the maximum charge 
flow of the pulse, 

[0164] A pulse may be unipolar or bipolar. In an- ex- 
emplary embodiment of the invention, balanced pulses, 
having a total of zero charge transfer, are used. Alter- 
natively, however, the balancing may also be achieved 
over a train of pulses or over a longer period. It Is ex- 
pected that at least for some pulse effects, the islets will 
act independently of the polarity of the applied pulse. 
However, changes in polarity may still have desirable 
effects, for example by creating tonic current, 
[0165] Different pulse envelopes are known to inter- 
actwith cell membranes in different ways. The pulse en- 
velope may be, for example, sinusoid, triangular 
square, exponential decaying, bi-phasic or sigmoid. The 
pulse may be symmetric or asymmetric. Optionally, the 
pulse envelope is selected to take into account varia- 
tions in tissue impedance during the puise application 
and/or efficiency and/or simplicity of the power electron- 
ics. 

[0166] in an exemplary embodiment of the invention, 
the pulse current is controlled, for example to remain 
within a range. Alternatively or additionally, the pulse 
voltage is controlled, for example to remain within a 
range. Alternatwely or additionally, both current and 
voltage are at least partly controlled, for example main- 



tained in certain ranges. Possibly, a pulse is defined by 
its total charge. 

[01 67] Different types of pulses will generalSy. but not 
necessarily, have different amplitudes. The different ef- 

5 fects of the pulse may also be a function of the cell ac- 
tivity phase and especially the sens?tivity of the cell to 
electric fields at the time of application. Exemplary pulse 
anpJitude types are sub-threshold pulses that affectthe 
depolarization state of the cell and channel affecting 

10 pulses. These pulses are non-llmlting examples of non- 
excitatory pulses, which do not cause a propagating ac- 
tion potentiai In the is^et, either because of absolute low 
amplitude or due to relative low amplitude (relative to 
cell sensitivity). An islet current of 5 pA is suggested in 

15 the Medtronic PCT publication, for stimulating pulses. 
[01681 Pacing pulses definiteiy cause a propagating 
action potential, unless th e paci ng pulse captures at! the 
cells in the islet, in which case there may be nowhere 
for the action potential to propagate to. 

20 [01 69] ^Defibrillation'^ pulses are stronger than pacing 
pulses and cause a rest in the electrical state of the af- 
fected cells. 

[0170] Pore forming pulses, for example high voltage 
pulses, create pores in the membrane of the affected 
55-- cells; altowing-calcium to leak in^^ 
insulin to leak out. 

[0171] The above pulse types were listed in order of 
increasing typical amplitude. Exemplary amplitudes de- 
pend on many factors, as noted above. However, an ex- 
30 emplary pacing pulse is between 1 and 20 mA. An ex- 
emplary non-excitatory pulse is between 1 and 7 mA. A 
sub-threshold pulse may be, for example, between 0.1 
and 0.5 mA. It is noted that the lack of excitation may 
be due to the timing of application of the pulse. 
35 [0172] Sim pie pulse f omns can be combined to form 
complex pulse shapes and especially to form pulse 
trains. One example of a pulse train is a double pacing 
pulse (two pulses separated by a 20 ms delay) to ensure 
capture of a pacing signal. 
40 [0173] Another example of a pulse train is a pacing 
pulse followed, at a short delay, by a plateau extending 
pulse and/or other action potential contro! pulses. Thus, 
not only is pacing forced, possibly at a higher than nor- 
mal rate, but also the effectiveness of each action po- 
45 tential is increased. The delay between the pacing pulse 
and the action potential control pulse can depend, for 
example, In the shape of the action potential and espe- 
cially on the timing of opening and closing of the different 
ionic channels and pumps. Exemplary delays are 10, 
50 50, 200 and 400 ms, 

[0174] In some embodiments of the invention a grad- 
ed pulse is applied. A first part of the pulse blocks first 
cells from responding to a second part of the pulse. Such 
a pulse may be used, for example, to differentiate be- 
55 tween different cell types, between cells having different 
stimulation levels and/or between cel^s having a fast re- 
sponse and cells having a slow response. The exact be- 
havior of such a puise and/or suitable parameters may 
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be determined during a training stage, described with 
reference to Fig. 7, below, 

PULSE TIMINGS 

5 

[0175] Not only are various pulse forms contempiat- 
ed, also different variations in their periodicy are con- 
templated, 

[0176] A first consideration Is whetlier to synclironize 
an excitatory and/or a non-excitatory puise to tlie pan- io 
creatic activity or not. If the pulse is synchronized, it can 
be synchronized to the activity of particular cells or Islets 
being measured. As noted above, a pacing pulse to the 
pancreas can force synchronization. The pulse may be 
synchronized to individual action potentials and/or to 
burst activity. Within an action potential, the pulse can 
be synchronized to different features of the action po- 
tential, for example the depolarization, plateau, repolari- 
zation and quiescent period before depolarization. Not 
all action potentials will exhibit exactly these features. 20 
[0177] Within a burst, a pulse may be synchronized 
to the start or end of the burst or to changes in the burst 
envelope, for example, significant reductions in the ac- 
tion potential frequency or amplitude. 
~10178] As useci hefeihVsync^^ 
eludes being applied at a delay relative to the event oc- 
curring or at a delay to when the event is expected to 
occur (positive or negative delay). Such a delay can be 
constant or can vary, for example being dependent on 
the action potential or the burst activity. 
[0179] The pulse may be applied at every event to 
which It is synchronizedtor example every action poten- 
ttal or every burst. Alternatively, pulses are applied to 
fewer than all events, for example at a ratio of 1:2, 1 :3, 
1 ;1 0 or 1 :20; An exemplary reason for reducing the 35 
pulse application ratio is to prevent overstressing the be- 
ta cells and causing cellular degeneration, or to provide 
finer controJ over secretion rate. 
[0180] In some pulses, a significant parameter is the 
frequency of application of the pulse (as differentiated 40 
from the frequency of amplitude variations in a single 
pulse). Exemplaryfrequencies rangefrom 0.1 HZto 1 00 
Hz, depending on the type of pulse. 
[0181] In an exemplary embodiment of the invention, 
the pulse parameters depend on the istet or cellular 4S 
electrical and/or physiological state. Such a state may 
be determined, for example using suitable sensors or 
may be estimated from a gtobal state of the glucose lev- 

50 

SENSORS 

[0182] Many types of sensors may be usefully applied 
towards providing feedbackfor controller 1 02, including, 
for example: ^ 

(a) Glucose sensors, for example for determining 
the actual glucose level and providing feedback on 



the effects of the pancreatic treatment. Th us, for ex- 
ample, in a patient with weakened pancreatic re- 
sponse, the pancreas will be stimulated to secrete 
more insulin when the glucose levels are too high. 
Many types of glucose sensors are known in the art 
and may be used for the purposes of the present 
invention, including, for example optical, chemical, 
ultrasonic, heart rate, biologic (e.g., encapsulated 
beta cells) and electric (tracking beta cell and/or is- 
let electrical behavior). These sensors may be in- 
side the body or outside of it. , connected to control- 
ler 102 by wired or wireless means, be in contact 
with the blood or outside of blood vessels, 
(b) Digestion sensors, for example for detecting the 
ingestion- or upcoming intake- of meals, and, for ex- 
ample, prompting the production of insulin or in- 
crease in cell sensitivity. Many suitable sensors are 
known in the art, for example impedance sensors 
that measure the stomach impedance, acceleration 
sensors that measure stomach or intestines 
movements .and electrical sensors that measure 
electrical activity. Digestion sensing cells are Inher- 
ently problematic If they do not provide a measure 
of glucose actually ingested. Optionally, they are 
usedin combination with other sensors and/or-oaly .- 
jf the digestion system is activated in a profile 
matching eating, for example a long duration acti- 
vation or activation that advances along the diges- 
tive system. In an exemplary embodiment of the in- 
vention, stimulation during the digestion may be 
stopped, to at least some parts of the pancreas (e, 
g., ones comprising fewer islets), to avoid interfer- 
ing with other cell types in the pancreas, for exam- 
ple those that produce digestive juices. Alternative- 
ly or additionally, the application of-Stimulation in 
general may be optimized to reduce Interaction with 
non-beta cells, for example alpha cells. As alpha 
cells generate glucagon, their stimulation may be 
determined by tracking serum glucagon levels. 

(c) Pancreatic acttvity sensors, for example elec- 
trodes coupled to the entire pancreas, sma^l parts 
of it, Individual islet(s) or individual cell(s) In an islet. 
Such sensors are useful not only for providing feed- 
back on the activity of the pancreas and whether 
the applied pulses had a desired electrical (as op- 
posed to glucose-) effect, but also for synchronizing 
to the pancreatic electrcal activity. 

(d) Calcium sensors, both for intracellular spaces 
and for extra-cellular spaces. As can be appreciat- 
ed, measuring caicium inside a cell may affect the 
behavior of the cell. )n an exemplary embodiment 
of the invention, only one or a few cells are used as 
a sample for the state of the other cells. An exem- 
plary method of intracellular calcium measurement 
is to stain the cell with a calcium sensitive dye and 
track its optical characteristics. It is noted that both 
intra- and extra- cellular calcium levels may affect 
the electrical and secretary activity of beta cells. 
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(e) Insulinsensors.of any type known in the art may 
be used to measure the response of a single islet, 
the pancreas as a whole and/or to determine blood 
levels of insulin. 

(f) Sensors for other pancreatic hormones, for ex- 
ample, for glucagon and/or Somatostatin, As will be 
mentioned below, in some cases the levels various 
pancreatic hormones may be estimated based on 
changes in blood glucose levels^ which changes 
correspond to previously observed changes during 
which the hormone levels were measured. 

[0183] The measurements of the above sensors are 
optionally used to modify the pulse parameters or pulse 
application regime. Alternatively or additionally, the sen- 
sors are used to track the response to the regime and/ 
or lack of application of pulses, or for calibration. 
[0184] Different sensing regiments may be use, m- 
cluding continuous sensing, and periodic sensing. 
Some sensors may provide a frequent measurement, 
for example every few seconds or minutes. Other sen- 
sors may be considerably slower, for example taking a 
measurement every ten minutes or hour. If only a peri- 
odic measurement is required, the measurement may 
be an average over the time between measurements or- 
it may be an average over a shorter time or an instan- 
taneous value. In some cases a long term integrative 
sensing, for example of total insutin production, Is desir- 
able. A one-time chemical sensor may be suitable for 
such integrative sensing. 

TYPES OF ELECTRODES 

£01 85] The electrodes used may be single functional- 
ity electrodesv for example only f o r paei n g or on ly for 
non-excitatory pulses. Also, different types of non-exci- 
tatory pulses, sLich as hyper-poiarization and plateau 
extension pulses, may use different types of electrode 
geometries. Alternatively, a combination electrode, 
comprising both a pacing portion and a pulse application 
portion, may be provided. The different types of elec- 
trodes may have different shapes, for example due to 
the pacing electrode being designed for efficiency and 
the pulse electrode being designed tor field uniformity. 
The two electrode functions may share a same lead or 
them may use different leads. Alternatively, a single 
electrode fonm Is used for both pacing and non-excita- 
tory pulse application. 

[0186] Figs. 4A-4D illustrate different types of elec- 
trodes that may be suitable for pancreatic electrification , 
in accordance with exemplary embodiments of the in- 
vention. 

[0187] Fig. 4A illustrates a point electrode 300 having 
a single electrical contact area at a tip 304 of a iead 302 

thereof. 

[0188] Fig. 4B illustrates a line electrode 306 having 
a plurality of electric contacts 310 along a length of a 
lead 308 thereof. An advantage of wire and point elec- 



trode is an expected ease in implantation using endo- 
scopic and/or other minimally Invasive techniques. In an 
exemplary embodiment of the invention, multiple v^re 
electrodes are Implanted. 

5 [0189] Fig. 4C illustrates a mesh electrode 312, In- 
cluding a lead 314 and having a plurality of contact 
points 318 at meeting points of mesh wires 316. Alter- 
natively or additionally, some of the wire segments be- 
tween meeting points provide elongate electrical con- 

10 tacts. 

[01 90] Each of the contact points can be made small, 
for example slightly krger than an islet. Alternatively, 
larger contact areas are used. In line electrodes, exem- 
plary contact areas are 0.2, 0.5, 1,2 or 5 mm long. In 

15 some embodiments of the invention, smaller contact ar- 
eas than used for cardiac pacemakers may be suitable, 
as smaller fields may be sufficient, 
[0191] In some embodiments, volume excitation of 
the pancreas is desired. Fig. 4D illustrates various vol- 

20 ume excitation electrodes. A plate electrode 320 in- 
cludes a plate 322 that can simultaneously excite a large 
area. A ball electrode 324 includes a bal I shaped contact 
area 326, with a radius of, for example, 2 or 4 mm, for 
exciting tissue surrounding bail 326. A hollow volume 

25 sieetrode 3287-for examplei ineiudes an open-volume 
contact area 330, for example a mesh ball or a goblet, 
which cane be used to excite tissue in contact with any 
part of ball 330, including its Interior. Another possibility 
is a coil electrode. Optionally, the coils have a significant 

30 radius, such as 2 or 5 mm> so they enclose significant 
pancreatictissue. It is noted that volume (and other elec- 
trodes as well) electrodes may encompass a small or 
large part of the pancreas or even be situated to electrify 
sutjstantlally all the insulin producing parts of the pan- 

35 creas. - -- 

[01 92 J Any of the above electrodes can be unipolar or 
bipolar. In bipolar embodiments, a single contact area 
may be spilt or the bi-polar activity may be exhibited be- 
tween adjacent contact points, 

40 [0193] In addition, the above multi-contact point elec- 
trodes may have all the contact points shorted together. 
Alternatively, at least some of the contact points can be 
electrified separately and, optionally Independently, of 
other contact points lu a same electrode, 

45 [0194] Electrical contact between an electrode an the 
pancreas can be enhanced In many ways, for example 
using porous electrode, steroids (especially by using 
steroid ©luting electrodes) and/or other techniques 
known In the art. The type of electrode may be any of 

50 those known in the art and especially those designed 
for long term electncal stimulation. 
[01 95] Fig. 4E illustrates a different type of electrode, 
in which a casing 332 of controller 1 02 serves as one or 
multlpie electrodes. Casing 332 may be concave, con- 

55 vex or have a more complex geometry. Possibly, no ex- 
ternal electrodes outside of casing 332 are used. Op- 
tionally, casing 332 is then made concave, to receive 
the pancreas. Alternatively, at least a common electrode 
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336 outside of controller 102 is provided. Alternatively 
or additionally, casing 332 of controHer 102 serves as a 
common electrode, in an exemplary embodiment of the 
invention, a plurality of electrodes 334 are fonrted in cas- 
ing 332. The electrode types can be any of tiiose de- 
scribed above, for example. OptionaUy, but not neces- 
sarily, electrodes 334 stick out of casing 332. In an ex- 
emplary embodiment of the Invention, controller 102 is 
placed in contact with pancreas 1 00, as an electrically 
insulating layer of fat usually encapsulates the pancre- 
as. Optionally, the geometry of casing 332 is made to 
conform to the shape of the pancreas, thus assuring 
contact with the pancreas and minimal trauma to the 
pancreas by the implantation. Optionally, a flexible or 
multi-part hinged casing is provided, to better confomn 
the casing to the pancreas, 

[0196] Trie electrodes can be fixed to the pancreas in 
many means, including, for example, using one or more 
sutures or clips, providing coils or roughness in the elec- 
trode body, using adhesive or by impaling the pancreas 
or nearby tissue. An electrode may Include a loop, a hole 
or other structure in it for fixing the suture or clip thereto. 
It is noted that the pancreas does not move around as 
much as the heart, so less resilient electrode and lead 



"materials "and 

[0197] Various combinations of the above electrodes 

may be used in a single device, for example a combina- 
tion of a mesh electrode underneath the pancreas and 
a ground needle electrode above the pancreas. Such a 
ground electrode may also be inserted in nearby struc- 
tures, such as the abdominal muscles. 
[0198] As described betow, the pancreas may be con- 
trolled as plurality of controlled regions. A single elec- 
trode maybe shared between several regions. Alterna- 
tively or additionally, a plurality of different electrodes 
may be provided for the different regions or even for a 
single region. 

PANCREATIC CONTROL REGIONS 

[0199] Fig, 5 illustrates a pancreas subdivided into a 
plurality ot control regions 340, each region being elec- 
trified by a different electrode 342. Control regions 340 
may overtap (as shown) or they may be none-overlap- 
ping. Possibly, the entire pancreas is also a control re- 
gion, for example for insulin secretion suppression. Al- 
though a significant percentage ofthe pancreas is op- 
tionally controlled, for example 10%, 207o, 40% or 60%, 
part of the pancreas may remain uncontrolled, for ex- 
ample as a control region or as a safety measure. The 
number of control regions can vary, being for example, 
two, three, four, six or even ten or more, 
[0200] One possible of different control regions is to 
allow one part of the pancreas to rest while another part 
is being stimulated to exert itself. Another possible use 
is for testing different treatment protocols on different 
regions, jSmother possible use is to provide differentcon- 
tro\ logic for parts ofthe pancreas with different capabil- 



ities, to better utilize those regions or to prevent damage 
to those reasons. For example, different pulses may be 
applied to fast responding or slow responding portions. 
In addition, some parts of the pancreas may be more 

5 diseased than other parts. 

[0201] Optionally the density and/or size of the elec- 
trodes placement on the pancreas (and independently 
controllable parts of the electrodes) vanes and is de- 
pendent, for example, on the distribution and density of 

10 islet cells in the pancreas. For example, a more densely 
populated section ot the pancreas may be provided with 
finer electricai control, It is noted that the distribution 
may be the original distribution or may be the distribution 
after the pancreas is diseased and some of the eel Is died 

15 or were damaged. 

[0202] As noted above, different parts of the pancreas 
may produce different types and/or relative anwunts of 
various hormones. Thus, selective spatial control may 
be utilized to achieve a desired homnone level and/or 

20 mix. 

IMPLANTATION METHOD 

[0203] The implantation of controller 102 can include 
25 Implantation of electrodes and implantation- of the- con. 
troller itself. Optionaily, the two implantations are per- 
formed as a single procedure. However, It is noted that 
each implantation has Its own characteristics. Implant- 
ing a smah casing into the stomach Is a well-known tech- 
30 nique and may be performed, for example using a 
iaproscope, using open surgery or using keyhole sur- 
gery. 

[0204] Implantation of electrodes in the pancreas is 
not a standard procedure. Optionally, elongate, uncoil" 
35 ing or unfolding electrodes ane used so that electrode 
implantation is simplified, 

[0205] In an exemplary embodiment of the Invention, 
fr»© electrodes are implanted using a iaproscopic or en- 
doscopic procedure. Optionally, also controller 1 02 is in- 

40 sorted using a Iaproscope or endoscope. In an exem- 
plary embodiment of the Invention, the geometry of con- 
troller 102 Is that of a cylinder so it better passes 
through an endoscope (flexible, relatively narrow diam- 
eter tube) or a Iaproscope (rigid, relatively large diame- 

45 ter tube). Alternatively, controller 1 02 is implanted sep- 
arately from the electrodes. In one example, the elec- 
trodes are implanted with a connection part (e.g., wire 
ends) ofthe electrodes easily available. A second entry 
wound is made and the controller Is attached to the con- 

50 nection parts. Possibly, the electrodes are implanted 
connection part first. Alternatively, after the electrodes 
are anplanted, the endoscope is retracted, leaving the 
connection part in the body. 

[020G] Figs. 6A and 6B are flowcharts of implantation 
55 methods, in accordance with exemplary embodiments 
of the invention. 

[0207] Fig. 6A is a fiowchart 400 of a bile duct ap- 
proach. First, an endoscope is broughtto a bile duct, for 
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example through the stomach (402). The endoscope 
then enters the bile duct (404) for example using meth- 
ods known In the art. As shown, the endoscope may 
travel though the bile ducts along the pancreas. Alter- 
natively, the electrodes may be provided by a catheter- 5 
Ization of the splenic artery orvein. Alternatively the por- 
tal vein may be catheterized, for example via a lapro- 
scopic opening In the abdomen. The electrodes are im- 
planted In, or alongside, the pancreas, for example In 
the blood vessels or the bile ducts, the pancreas being 
an elongated gland (406). In an exemplary embodiment 
of the invention, the endoscope (or an extension there- 
of) is first advanced to the far end of the pancreas, the 
electrodes are attached to the pancreas and then the 
endoscope is retracted, leaving the electrodes behind. 
Alternatively, the electrodes may be advanced out of the 
pancreas, by themselves or using a relative rigid and/or 
navigable jacket. Optionally, but not necessarily, imag- 
ing techniques, such as light, ultrasound or x-ray imag- 
ing, are used to track the electrode and/or the endo- 
scope. The Imaging may be from outside the body or 
from inside the body, for example from the tip of the en- 
doscope. 

[0208] Any damage to body structures is optionally re- 
paired durin9-endosGGpe/GatheterretraGtion-(40S). Al- 
ternatively, other arterial and/or venous techniques may 
be used. In some techniques, controller 1 02 Is Implanted 
and then the electrodes are gurded along or Inside a 
blood vessel or other body structure to the pancreas. 
[0209] Inblle duct implantation, a special coating may 
be provided on the electrode or leads, to protect against 
the bile fluids. The contact part ot the electrode may be 
embedded in tissue to prevent bile fluid damage thereto. 
[021 0] Fig, 6B is a flowchart 420 of an alternative im- 
plantation method. An endoscope Is advanced to the du- 
odenum or other part of the intestines adjacent the pan- 
creas (422). Electrodes are extended from the intestines 
into the pancreas (424), while controller 102 remains in 
the intestines. The electrodes may also extend partway 
along the Inside of the intestines. Electrodes on the far 
side of the pancreas may be Implanted from a different 
part of the mtestlnes or they pass through the pancreas. 
Alternatively, also the controller is pushed out through 
a hole formed in the side of the intestines. Alternatively, 
the controller is enclosed in a pocket of the intestines, 
the pocket optionally fomrjed by suturing or clipping to- 
gether part ot the intestines. Alternatively, the controller 
IS attached to the intestines, for example using clips or 
using sutures. Any damage to the Intestines may then 
be repaired (426). 

[021 1] As noted above with reference to Fig. 1 , con- 
troller 102 may be a wireless device, with the control 
circuitry separate from the electrodes. The electrodes 
can have Individual power sources or they may be pow- 
ered (or recharged) using beamed power. 
[0212] In an alternative embodiment, controller 1 02 is 
a multi part device, for example comprising a pfurality of 
mini-controllers, each mini controller control Img a differ- 



ent part of the pancreas. The activities of the mini-con- 
trollers may be synchronized by communication be- 
tween the controhers or by a master controller, for ex- 
ample In the separate, possibly extema! unit 116. Unit 
116 may directly synchronize the mini controllers and/ 
or may provide programming to cause them to act In a 
synchronized manner. An exemplary geometry for a 
mini-controller is that of two balls connected by a wire. 
Each ball is an electrode, one ball contains a power 
sou roe and the other bail co ntatns control cl rcultry. Com- 
municatlon between the mini controllers may be, for ex- 
ample using radio waves, optionally low frequency, or 
using ultrasound. Suitable transmitter and/or receiver 
elements {not shown) are optionally provided in the 
mini-controllers. 

[0213] Alternatively to an implanted controller, the 
controller may be external to the body with the elec- 
trodes being inserted percutaneous ly to the pancreas, 
or even remaining on the out side of the body. Alterna- 
tively, the controller and the electrodes may be com- 
pletely enclosed by the intestines. These "implantation" 
methods are sometimes preferred for temporary use of 
the device. 

[021 4] In some cases, proper implantation of sensors 
may be problematlc, for example-sensors-that impale. 
single beta cells or islets. In an optional procedure, part 
of the pancreas is removed, sensors and/or electrodes 
are attached thereto and then the removed part is in- 
serted back into the body, 

[0215] In the above embodiments, it was suggested 
to impale the pancreas using electrodes or electrode 
guides, In an exemplary embodiment of the invention, 
when Impaling, care is taken to avoid major nerves and 
blood vessels. In an exemplary embodiment of the In- 
vention, the implantation of electrodes takes Into ac- 
count other nearby excitable tissue and avoids Inadvert- 
ent stimulation of such tissue. 

CALIBRATION AND PROGRAMMING 

[0216] Pancreatic controller 102 may be implanted 
not only, after a stable disease state is loiown, but also 
during an ongoing disease progression. Under these 
conditions and even in the steady state, cells that are to 
be controlled by controller 102 are expected to be dis- 
eased and/or over-stressed and may behave somewhat 
unpredictably. Thus, in an exemplary embodiment of the 
invention, optimizing the control of the pancreas may re- 
quire calibrating the controller after it \s Implanted. How- 
ever, it is noted that such calibration is not an essentia! 
feature of the invention and may even be superfluous, 
especially if a reasonable estimate of the pancreatic 
physiological state can be determined before implanta- 
tion. 

[0217] Fig. 7 is a flowchart 500 of an exemplary meth- 
od of controller implantation and programming, in ac- 
cordance with an exemplary embodiment of the inven- 
tion. Other methods may also be practiced. 



20 



. . .25 . 



30 



.35 



40 



45 



50 



20 



39 



EP 1 263 498 B1 



40 



[0218] Before implantation, a patient is optionally di- 
agnosed (502) and an expected benefit of implantation 

Is optionally determined. It is noted however, that con- 
troller 1 02 may also be used or diagnostic purposes, due 
to its ability to take measurements over ejctended peri- 
ods of time and determining the response of the pan- 
creas cells to different stimuli and situations. 
[0219] A controller is then implanted, for example as 
described above, and an initial programming provided 
(504). The initial programming may be performed while 
the controller is outside tlie body. However, In an exem- 
plary embodiment of the invention, the controller is ca- 
pable of extensive programming when inside the body, 
for example as described below, to enable the controller 
to selectively apply one or more of the many different 
logic schemes and puises, possibly differently to one or 
more of the controlled areas. 

[02201 During an information acquisition step (506) 
the behavior of the par^creas is tracked, possibly without 
any active control of the pancneas. This information ac- 
quisition optionally continues all through the life of the 
controller. In an exemplaryembodiment of the invention, 
the acquired infomr^ation is periodically- and/or continu- 
ously- reported to a treating physician, for example us- 
ing extern alUni 

levels in the body and the main events that affected the 
glucose level 

[0221] Alternatively to mere infomnation gathering, 
the Information acquisition also uses test control se- 
quences to detennine the pancreatic response to vari- 
ous pulse forms and sequences. 
[0222] In an exemplary embodiment of the invention, 
the infonnation acquisition step Is used to determine 
physiological pathologies and especially to detect and 
feedback- and/or feed-fonftfard- mechanisms that are 
Impaired. Such mechanisms are optionally supplement- 
ed, replaced and/or overridden by controller 102. 
[0223] Altematively or additio naliy, the inf omiation ac- 
quisition is geared to detecting feedbacl< and feed-for- 
ward interactions in the pancreas, especially interac- 
tions between hormones, possibly dependent on glu- 
cose levels, hormone levels and/or stimulation history. 
This information may be used to provide parameters for 
a predetermined model of the pancreas. Alternatively, a 
new model may be generated, for example using a neu- 
ral-network program. 

[0224] Possibly, various protocols are tried on small 
control regions to determine their effect. 
[0225] The information acquisition, and later the cali- 
bration and programming may be performed on a per- 
person basis or even on a per-islet or per pancreatic por- 
tion basis. Optionally, a base Wne programming is deter- 
mined from other patients with similar disorders, 
[0226] Optionally, various test sequences are timed 
to match patient activities such as eating, sleeping, ex- 
ercising and insulin uptake. Also the programming of the 
controller may be adapted to a sleep schedule^ mealtak- 
mg schedule or other known daily, weekly or otherwise 



periodic activities. 

[0227] Possibly, the acquisition is enhanced with test- 
ing of homional levels and/or other physiological param- 
eters for which sensors may or may not be provided on 

5 the pancreatic controller. These measurements may be 
used to learn which glucose levels (or other physiolog- 
ical parameter) and/or level changes are caused by 
which hormonal level. Thus, nonmal and/or abnonnal 
homional levels can be later determined without a ded- 

10 icated sensor. 

[0228] Possibly the additional sensors are off-line, 
g., laboratory blood testing. Alternatively or additionally, 
an ambulatory monitor is provided to the patient. Into 
which the patient enters various infomnation. 

15 [0229] After a better picture of how the pancreas is 
acting is formed, a first reprogramming (508) may be 
performed. Such reprogramming may use any means 
known in the art such as magnetic fields and electro- 
magnetic waves. The reprogramming optionaliy \mp\e- 

20 ments partial control of the pancreas (51 0). Such partial 
control may be used to avoid overstressing the entire 
pancreas. Some of the controlled parts may be sup- 
pressed, for example using hyper-polarizing pulses as 
described above. It is noted however, that since the pan- 

25 creatic damage" does not usuaiiy cause immedrate^ l^^ 
threatening situations and because the pancreas is 
fonmed of a plurality of substantially independent por- 
tions, there is considerably more leeway in testing the 
effect of control sequences and even the long term ef- 

30 fects of such sequences, that there is in other organs 
such as the heart. 

[0230] In an optional step 512, the interaction of phar- 
maceutical or honmona! treatment with the controller 
may be detemiined. In this context Is it noted that car- 

35 diac and nerve electro-physiological pharmaceuticals 
may be useful also for treatment of pancreatic disorders. 
Alternatively, pancreatic control may be desirable to off- 
set negative side effects of such pharmaceuticals taken 
for non-metabolic disorders. Alternatively or additionai- 

40 ly, the effect of pharmaceuticals on pancreatic cell be- 
havior and/or feedback interactions, is determined. 
[0231] Steps 508-512 may be repeated a plurality of 
times before settling down to a final programming 514. 
It is noted that even such final programming may be pe- 

45 riodically reassessed (51 6) and then modified (51 8), for 
example, as the pancreas and/or the rest of the patient 
improves or degrades, or to apply various long-term ef- 
fect control sequences. 

[0232] In an exemplary embodiment of the invention, 
so a tissue viability testing of the controlled and or/uncon- 
trolled parts of the pancreas is optionaliy performed pe- 
riodically, for example to assess patient state, to update 
the patient base line and to assess the efficiency of the 
therapy. Exemplary methods of viability testing include 
55 anaiyzing electrical activity, responses to changes in 
glucose level or insulin levels and/or responses to vari- 
ous types of electrical stimulation. 
[0233] In an exemplary embodiment of the invention, 
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the programming, measurements and/or prior attempt- 
ed treatments (including possibly phanmaceutical treat- 
ments) are stored in a memory portion of controller 1 02. 
Alternatively or additionally, the programming may in- 
clude special sequences that take into account taking 
of pharmaceuticals. In an exemplary embodiment of the 
invention, when a patrent takes a pharmaceutical or In- 
sulin controller 102 is notified, for example by manual 
input into extemal unit 116 or automatically by the ad- 
ministration method. If the patient neglected to take the 
pharmaceutical, insulin, and/or glucose, a compensato- 
ry control sequence Is provided, possibly Irrespective of 
whether an alert is provided to the patient. 

EXPERIMENT 

[0234] In an exemplary experiment, a mesh unipolar 
electrode was p laced u nder a pig pancreas and a needl s 
electrode was Inserted into the overlying abdominal wall 
as a ground, A pulsed current (5 Hz, 5 mA, 6 ms dura- 
tion) was applied for five minutes and resulted In de- 
crease in serum glucose from 89 to 74 mg/dl. Serum 
insulin increased from 3.8 to 5,37, microU/m!, measured 
usingthe ELISA method. Both glucose levels and insulin 
leveis-returned to th e baseiine after 30 minutes .-in-a d if- 
ferent animal, the application for 5 minutes of a pulse of 
3 Hz, 12 mA and 5 ms duration resulted in an insulin 
increase from 8.74 microU/ml to 10.85 8.74 microU/ml. 
[0235] Fig, 8 is a chart showing the effect of such elec- 
trica! stimulation on insulm revels, in six animals. 

ADDiTIONAL EXPERIMENTS 

[0236] Fig, 9 is a chart showing the effect of electrical 
stimulation on blood glucose levels j in an experiment in 
which glucose levels are increased faster than would be 
expected solely by inhibition of insulin secretion. 
[0237] In a sub-chart 904 of chart 900, glucose levels 
are reduced by the application of a stimulation pulse S1 . 
In a sub-chart 902 of chart 900, glucose levels are In- 
creased by the application of a stimulation pulse S2 and 
then reduced by an application of pulse SI again. H Is 
hypothesized that merely reducing insulin secretion 
would not be sufficient to explain such a fast and large 
Increase in glucose levels. Instead, the secretion of glu- 
cagon Is causing a release of glucose from the liver, rais- 
ing the blood glucose level. 

[0236] Chart 900 is from an experiment on a rat which 
was anesthetized with pentobarbitne (40 mg/1 Kg). After 
fastmg the rat was given a continuous infusion of 5% 
glucose at a rate of 2 cc/Hr. During the experiment, the 
rat was ventilated with oxygen. The sample shown on 
chart 900 are the results of an analysis by a glucometer 
"Glucotrend", by Rosche, of blood from the right jugular 
vein every 5 minutes. S1 and S2 have a similar form, 
except that S2 has a 2mA amplitude and a 3.5 minute 
duration, whife S1 has a 1 mA amplitude and a 5 minute 
duration. The pulse includes an initral spike followed by 



a 150 ms delay and a train of 7 50% duty cycle spikes 
spread over 400 ms. The entire pulse is repeated every 
10 seconds. The initial spike is 50 ms long. Both elec- 
trodes were Iridium Oxide coated Titanium. The geom- 
5 etry of the electrodes was a coil, B mm long, 1 .2 mm 
diameter, with a 1 00 jj. diameter 3 fillar wjre. The coil was 
glued on a silicone pad (for Insulation and prevention of 
mechanical damage. Two such electrodes were placed 
along the pancreas, one above and one bebw (when 
^0 the rat is on its back). 

[0239] Figs. 10A-10B, 11A-11B, 12A-12B and 13A- 
13B are pairs of figures, each pair showing a chart and 
a pulse diagram of an additional experiments using a 
similar setup to that of Fig. 9. 
15 [0240] In Figs. 10, 12 and 13 both electrodes were 
above the pancreas and the signal was applied for 5 
minutes. 

[0241] In Fig, 1 1 , both electrodes were underthe pan- 
creas and the signal was applied for 5 minutes, 

EXEMPLARY APPLICATIONS 

[0242] The above pancreatic controller 1 02 may be 

used after a diabetic state is identified. Optionally how- 
ever, the controller is used-to better diagnose an-evolv- 
ing disease state and/or to prevent a final diabetic state 
from ever occurring, for example by supporting the pan- 
creas. Thus, a temporary device embodiment is option- 
ally provided additionally to pemnanently implanted de- 
vice. 

[0243] In another application, strict control of body in- 
sulin output and blood glucose levels is used not only to 
prevent obese patient from developing diabetes by 
overworking of the pancreas, but also (simultaneously 
or alternatively) for reducing body weight. Such a 
scheme may require strict prevention of elevated glu- 
cose levels in blood, to avoid damage to the body. How- 
ever, it is expected that by reducing Insulin production 
at "normal" glucose levels, feelings of hunger may be 
40 suppressed, as well as reducing the increase in mass 
of adipose tissue. 

[0244] In an exemplary embodiment of the invention, 

controller 102 is a stand aione device. However, a dual 
organ controller may be useful in some disease states. 
In one example, it is noted that many patients with pan- 
creatic disorders also have cardiac problems. Thus, a 
combined cardlac/panoraatic controller may be provide 
ed, possibly sharing one or more of a casing, program- 
ming means, power supply and control circuitry. In an- 
50 other example, a controller for the uterus and a pancre- 
atic controller may be combined to protect against preg- 
nancy related diabetes and Improper uterine contrac- 
tions. 

[0245] Another exemplary dual organ controlter Is 
55 used for both the stomach and the pancreas. Such a 
controller Is useful for obese persons, to suppress stom- 
ach contractions and prevent feelings of hunger. At the 
same time, insulin level may be controlled to prevent 
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hunger, or, in diabetic patients, to prevent hyper- or 

hypo- glycemia. 

[0246] Also within the scope of the invention are sur- 
gical kits which include sets of medical devices suitable 
for innplanting a controller and such a controller. Section 
headers are provided only to assist in navigating the ap- 
plication and should not be construed as necessariiy 
limiting the contents described m a certain section, to 
that section. Measurements are provided to serve only 
as exemplary measurements for particular cases, the 
exact measurements applied will vary depending on the 
application. When used in the following ciaims, the 
terms "comprises", "comprising", "includes", "includrng" 
or the like means "including but not limited to". 
[02471 It will be appreciated by a person sicilled in the 
art that the present invention is not limited by what has 
thus far been described. Rather, the scope of the 
present Invention is limited only by the following clatnr^s. 



Claims 

1 . A pancreatic controller, comprising: 

" ~ ~af least Me eVectrdd 

tying at least a portion of a pancreas (100): and 
a controller (102) programmed to electrify said 
at least one electrode (112), 

characterized in that: 

said controller (102) is adapted to control at 
least two m^bers of a group consisting of 

biood glucose level, blood insulin level and 
blood level of another pan creatsc hormone, in 
a manner incompatible v/ith a causative inter- 
action between the at least two members. 

2. A controller according to claim 1 , vtfherein said con- 
troller (1 02) is adapted to modify said at least two 
members simultaneously, 

3. A controller according to claim 1 , wherein said con- 
troller (1 02) is adapted to selectively modify oniy 
one of said at least two members, while at least re- 
ducing a causative interaction between said two 

members, 

4. Acontroller according to any of claims 1-3, wherein 
said controller (102) Is adapted to maintain at least 
one of said members within a desired physiologic 
range. 

5. A controller according to any of claims 1-4, wherein 
said at least two members comprise glucose level 
and insulin level. 

6. A controller according to claim 5, wherein said con- 



troller (1 02) is adapted to modulate an effect of said 
insulin not related to carbohydrate metabolism. 

7. A controller according to any of claims 1 -6, wherein 
5 at least one of said two members connprise gluca- 
gon. 

8. A controller according to claim 7, wherein said con- 
troller (1 02) is adapted to increase glucagon secre- 

^0 tlon, to counteract an effect of insulin 

9. A controller according to claim 7 or c!aim 8, wherein 
said controlier (102) is adapted to increase giuca- 
gon secretion, to achieve higher blood glucose lev- 

15 els. 

10. A controller according to claim 7, wherein said con- 
troller (102) is adapted to reduce the secretion of 
glucagon, when Insulin secretion is increased. 

20 

1 1 . A controller according to any of claims 1-10, where- 
in at least one of said two members comprise So- 

matostatm, 

12;-A controller according tQ any of daims-1 -11, wherein 
at least one of said members comprises glucose 
level. 

13. A controller according to claim 12, wherein said 
controller (102) is adapted to select between alter- 
native control therapies, a therapy that has a least 
disrupting effect on said glucose levels, 

14. Acontroller according to any of claims 1-13, where- 
in said controller (1 02) uses solely electrical fields 
to control said members. 

15. A controller according to any of claims 1-13, where- 
in said controller ( 1 02) is adapted to take molecu les 

40 provided in the body, into account, for said control. 

16. A controller according to claim 15, wherein said 
controller (102) does not control the provision of 
said molecules. 

45 

17. A controller according to claim 15, wherein said 
controller (102) is adapted to control the provision 
of sa^d molecules. 

50 18. A controller according to any of claims 15-17, 
wherein said molecules suppress the secretion of 
at least one pancreatic hormone. 

19. A controller according to any of clainns 15-17, 
55 wherein said molecules suppress the effect of at 

least one pancreatic hormone. 

20. A controller according to any of claims 15-17, 
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wherein said molecules enhance the secretion of at 
least one pancreatic honnone. 

21. A controller according to any of claims 15-17, 
wherein said molecules enhance the effect of at 
least one pancreatic homnone. 

22. A controller according to any of claims 1-21, where- 
in said controlier (1 02) is adapted to suppress a se- 
cretion of an antagonistic homione. 

23. A controller according to any of claims 1 -22, where- 
in said controller (1 02) is adapted to enhance a se- 
cretion of an antagonistic homnone. 

24. A controller according to any of claims 1 -21 , where- 
in said controller (102) Is adapted to store ttierein 
feedback interactions of said pancreas. 

25. A controller according to claim 24, wherein said 
feedback interactions comprise interactions be- 
tween honmone levels. 



said pancreas (1 00} to effect said control. 

34. A controller according to claim 33, wherein said 
modified blood flow comprises blood flow to hor- 

5 mone generating cells of said pancreas. 

35. A controller according to claim 33, wherein said 
modified blood flow comprises blood flow from said 
pancreas (100). 

10 

36. A controller according to claim 33, wherein said 
modified blood flow comprises blood flow from hor- 
mone generating cells of said pancreas. 

15 37. A controller according to any of claims 1-36. where- 
in said at least one electrode (112) comprises at 
least two electrodes for placement in different re- 
gions of said pancreas (100); and 

wherein said controller (1 02) is adapted to se- 
20 lectivsly electrify different regions of said pancreas 
(100), to achieve a desired control by said at least 
two members. 



15 
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26. A controller according to any of claims 24-25, 
wfierein said~feedlo^^^^^ 

on blood glucose levels. 

27. A controller according to any of claims 24-26, 
wherein said controller (102) is adapted to deter- 
mine said feedback interactions, by tracking a be- 
havior of said pancreas (100). 

28. A controller according to claim 27, wherein said 

controller ( 1 02) is adapted to actively mod ify at least 
one of a gl u cose level and a pancreatic hormone 
level, to collect feedback interaction Information. 

29. A controller according to any of claims 1-28. com- 
prising one or more sensors (114, 1 18) for sensing 
a level of said controlled member. 

30. A controller according to any of claims 1 -29, where- 
in said contro II er ( 1 02) Is adapted to estimate a level 
of said controlled member. 

31 . A controller according to any of claims 1 -30, where- 
in said controller (102) is adapted to electrify said 
electrode (112) to apply a no n- excitatory pulse to 
effect said control. 

32. A controller according to any of claims 1-30, where- 
in said controller (102) is adapted to electrify said 
electrode (1 1 2) to apply an excitatory pulse to effect 

said control. 

33. A controller according to any of claims 1 -30, where- 
in said controller (102) Is adapted to electrify said 
electrode (1 1 2) to modify blood f tow associated with 



38. A controller according to any of claims 1 -37, where- 
25 - in said"cQntroirer (102) ls^^^ 

tion. 

39. A controller according to any of claims 1-38, where- 
in said controller (1 02) is adapted to control produc- 

30 rion. 

40. A controller according to any of claims 1 -38, where- 
in said controller (1 02) is adapted to control physi- 
ological activity. 

35 

Patentansp ruche 

1. Pankreassteuervorrichtung, umfassend: 

40 

mindestens eine Elektrode (112), die ange- 
passt ist, um mindestens einen Teil eines Pan- 
kreas (100) zu elektrisieren; und 
eine Steuen/orrichtung (1 02), die programmiert 
45 ist, um die mindestens eine Elektrode (112) zu 

elektrisieren, dadurch 



gekennzeichnet, dass: 

50 

die Steuervorrlchtung (102) angepasst ist, um 
mindestens zwei Elemente einer Gruppe, die 
aus Blutglukosespiegel, Blutinsulinsplegel und 
Blutspiegel eines anderen Pankreashormons 
55 zusammengesetzt ist, auf eine Weise zu steu- 

ern, die mit einer kausativen Wechselwirkung 
zwischen den mindestens zwei Elementen un- 
vereinbar ist. 
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2. Steuervorrtchtung nach Anspruch 1, wobei die 
Steuervorrichtung (1 02) angepasst ist, urn die min- 
destens zwei Element© gleichzeitig zu modilizieren- 

3. Steuervorrichtung nach Anspruch 1, wobei die 
Steuervorrichtung (102) angepasst ist, urn nur ei- 
nes von den mindestens zwei Elementen seielctiv 
zu modifizleren, wahrend mindestens eine kausati- 
ven Wechseiwirkung zwischen den zwel Elementen 
ven^ingert wird. 

4. Steuervorrichtung nach elnem der Anspruche 1-3, 
wobei die Steuervornchtung (102) angepasst ist, 
urn mindestens eines von den Elementen in elnem 
gewunschten physlologischen Berelch zu halten. 

5. Steuervorrichtung nacli einem der Anspruche 1 -4, 
bel derdie mindestens zwei Elements Glukosespie- 
gel und Insullnspiegel umfassen. 

6. Steuervorrichtung nach Anspruch 5, wobei die 
Steuervorrichtung (1 02) angepasst ist, um eine Wir- 
kung des Insulins zu modulleren, die nicht mit dem 
KohlehydratstoffwsGhsel in Beziehung steht. 



7. Steuervorrichtung nach einem der Anspruche 1 -6, 
bei der mindestens eines der zwel Elemente Glu- 
cagon umfasst. 

8. Steuervorrichtung nach Anspruch 7, wobei die 
Steuervornchtung (102) angepasst ist, um eine 
Glucagons ekretion zu erhohen, um einer Wirkung 
von Insulin enlgegenzuwirken. 

9. Steuervorrichtung nach Anspruch 7 oder Anspruch 
8, wobei die Steuervorrichtung (1 02) angepasst !st, 
um eine Glucagonsekretlon zu erhohen, um hohere 
Blutglukosespiegel zu erzielen. 

10. Steuen/orrichtung nach Anspruch 7, wobei die 

Steuervorrichtung (102) angepasst ist, um die Se- 
kretion von Glucagon zu verringern, wenn eine In- 
sullnsekretion erhdht Ist. 

11. Steuervorrichtung nach einemder Anspruche MO, 
bei der mindestens eines der zwei Elemente Soma- 
tostatin umfasst. 

12. Steuervorrichtung nach einem der Anspruche 1-11 , 
bei der mindestens eines der Elemente einen Glu- 
kosespiegei umfasst. 

13. Steuervorrichtung nach Anspruch 12, wobei die 
Steuen/orrichtung (102) angepasst ist, umunteral- 
ternativen Steuertherapien eine Therapte auszu- 
wahlen. die mindestens eine unterbrechende Wir- 
kung auf die Glukosespiegel aufw^eist. 



14. Steuervorrichtung nach einem der Anspruche 1-13, 
wobei die Steuen/orrichtung (102) lediglich elektri- 
sche Felder venwendet, um die Elemente zu steu- 
ern. 

5 

15. Steuen/orrichtung nach einem der Anspruche 1 -1 3, 
wobei die Steuervorrichtung (102) angepasst ist, 
um Molekule, die im Korper bereitgestellt werden, 
fur die Steuerung zu berQckschtigen. 

10 

16. Steuen/orrichtung nach Anspruch 15, wobei die 
Steuen/orrichtung (102) die Bereitstellung der Mo- 
lekule nicht steuert. 

15 17. Steuervorrichtung nach Anspruch 15» wobei die 
Steuervorrichtung (t02) angepasst ist, um die Be- 
reitstellung der MolekUle zu steuern. 

18. Steueni^orrichtung nach einem der Anspruche 
20 15-17. bei der die Molekule die Sekretion von min- 
destens elnem Pankreashormon unterdriicken. 

19. Steuen/orrichtung nach einem der Anspruche 

16-17, bei der die Molekule die Wirkung von min- 
-25- desten^rsinem Pankreashormon untei-drueken: — 

20. Steuervorrichtung nach einem der Anspruche 
15-17, bei der die Molekule die Sekretton von min- 
destens einem Pankreashomrion stelgern, 

30 

21. Steuen/orrichtung nach einem der Anspruche 
15-17, bel der die Molekule die Wirkung von min- 
destens einem Pankreashonmon steigern. 

35 22: steuervorrichtungnach einem derAnspruche 1-21 , 
wobei die Steuervorrichtung (102) angepasst ist, 
um eine Sekretion eines antagonistiachen Hormons 
zu unterdrucken. 

40 23. Steuen/orrichtung nach einem der Anspruche 1 -22, 
wobei die Steuen/orrichtung (102) angepasst ist, 
um eine Sekretion eines antagonistischen Hormons 
zu steigern. 

43 24, Steuen/orrichtung nach einem der Anspruche 1-21 , 
wobei die Steuen/orrichtung (102) angepasst ist, 
um darin Ruckkopplungswechselwlrkungen des 
Pankreas zu speichem. 

50 25, Steuervorrichtung nach Anspruch 24, bei der die 
Ruckkopplungswechse^wirkungen Wechselwirkun- 
gen zwischen Homnonsplegein umfassen. 

26. Steuen/orrichtung nach elnem der AnsprQche 

55 24-25, bei der die Ruckkoppiungswechselwirkun- 

gen vom Biutglukosespiegel abhangen. 

27. Steuervorrichtung nach einem der Anspruche 
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24-26, wobei die Steuen/orrlchtung (102) anga- 
passt ist, urn die Ruckkoppfungswechseiwirkungen 
durch Verfolgen eines Verhaltens des Pankreas 
(100) zu besiimmen. 

28. Steuervorrichtung nach Anspruch 27, wobei die 
Steuervorriciitung (102) angepasst Ist, um minde- 
stens einen von einem Glukosespiegel und einem 
Panl<rea5hormonspiegel aktlv zu modlfizieren, um 
eine Ruckkopplungswecliselwirkungslnformation 
zu sammeln. 

29. Steuervorrichtung nacli einem derAnsp ruche 1-28, 
umfassend einen oder mehrere Sensoren (114, 
118), um einen Spiegel des gesteuerten Elements 

zu erfassen, 

30. Steuervorrichtung nach einem der Anspruche 1 -29, 
^Nobe\ die Steuervorrichtung (102) angepasst Ist, 
um einen Spiegel des gesteuerten Elements zu ver- 

ansciilagen. 

31. Steuervorrichtung nach einem der Anspruche 1-30, 
wobei die Steuervorrichtung (102) angepasst ist, 

Nicht-ErregungsimpiJls anzulegen, um die Steue- 
rung zu bewerksteUigen. 

32. Steuervorrichtung nach einem der AnsprucKe 1-30, 
wobei die Steuervorrichtung (102) angepasst ist, 
um die Elektrode (112) zu elektrisieren, um einen 
En-egungsimpuls anzulegen. um die Steuerung zu 
bewerkstelligen. 

33. Steuervorrichtung nach einem der Anspruche 1-30, 
wobei die Steiiervorrlchtung (102) angepasst ist, 
um die Elektrode (112) zu elektrisieren, um einen 
Blutfluss zu modifizieren, der mit dem Pankreas 
(100) verbunden ist, um die Steuerung zu bewerk- 
steiligen. 

34. Steuervorrichtung nach Anspruch 33, bei der der 
modiflzlerte Blutfluss einen Biutfiusszu Hormon-er- 
zeugenden Zellen des Pankreas umfasst. 

35. Steuervorrichtung nach Anspruch 33, bei der der 
modifizierte Blutfluss BlutfJuss von dem Pankreas 
(100) umfasst. 

36. Steuervorrichtung nach Anspruch 33, bei der der 
modifizierte Blutfluss Blutfluss von Hormon-erzeu- 
genden Zellen des Pankreas umfasst. 

37. Steuervorriclitung nach einem der Anspruche 1 -36, 
bei der die mindestens eine Eiektrode (112) minde- 
stens zwei Elektroden zur Platzierung in unter- 
schiedlichen Gebieten des Pankreas (100) um- 
fasst; und 



10 



wobei die Steuervorrichtung (102) angepasst 
ist, um unterschiedliche Gebiete des Pankreas 
(1 00) seiektiv zu elektrisieren, um eine gewtinschte 
Steuerung durch die mindestens zwei Elements zu 
erzieien. 

38. Steuervorrichtung nach einem der Anspruche 1 -37, 
wobei die Steuervorrichtung (102) angepasst ist, 
um eine Sekretion zu steuern. 

39. Steuen/orrichtung nach einem der Anspruche 1-38, 
wobei die Steuen/orrichtung (102) angepasst ist, 
um eine Produktion zu steuern. 

40. Steuen/orrichtung nach einem der Anspruche 1-38, 
wobei die Steuervorrichtung (102) angepasst ist. 
um eine physiologlsche Aktlvitat zu steuern. 



20 Revendications 

1 . Regulateur pancreatique, comprenant : 
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au moins une eiectrode (112) adaptee pour 

etectrifier au moins-une partie d'un pancreas 

(100) ; et 

un regulateur (1 02) programme pour electrifier 
^adite au moins une electrode (112). 

caracterise en ce que : 

ledit regulateur (102) est adapte pour reguler 
au moins deux elements d'un groupe compre- 
nant le niveau de giucose dans le sang, le ni- 
veau d'Insuline dans lesangetie niveau dans 
le sang d'une autre hormone pancreatique, 
d'une maniere incompatible avec une Interac- 
tion causale entre les au moins deux 6l§ments. 

Regulateur selon la revendlcation 1 , dans leque! ie- 
dit regulateur (1 02) est adapte pour modifier lesdits 
au moins deux elements de fagon simultanee. 

Regulateur selon la revendication 1 , dans iequel le- 
dit regulateur (102) est adapte pour modifier selec- 
ttvement un seul desdits au moins deux elements, 
tout en r^duisant au moins une Interaction causale 
entre lesdits deux elements. 

Reguiateur seion i'une queiconque des revendlca- 
tions 1 a 3, dans Iequel ledit regulateur (102) est 
adapts pour mamtenir au moins un desdits ele- 
ments a rinterieur d'une plage physiologique sou- 
haitee. 

Reguiateur selon i'une queiconque des revendica- 
tions 1 a 4, dans lequei iesdits au moins deux ele- 
ments comprennent un niveau de glucose et un ni- 
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veau d'insullne. 

6. Regulateur selon la revendication 5, dans lequel \e- 
dit regulateur (102) est adapte pour moduler un ef- 
fet de ladlte insuline qui n'est pas He au metabolis- 
me des glucides. 

7. Regulateur selon I'une quelconque des revendica- 
tions 1 k 6, dans lequel au moins un desdfe deux 
elements comprend le glucagon. 

8. Regulateur selon la revendication 7, dans lequel le- 
dit regulateur (1 02) est adapte pour augnenter une 
s6cr6tion de glucagon, afin de neutraliser un effet 
de t'insuline. 

9. Regulateur selon la revendication 7 ou la revendi- 
cation 8, dans leque! ledit regylateur (102) est adap- 
ts pour augmenter la secretion de glucagon, afin 
d'obtenir des niveaux de glucose dans le sang plus 

el eves. 

10. Regulateur selon la revendication 7, dans lequel le- 
dit regulateur (102) est adapte pour reduire la se- 

est augmentee. 

11. Regulateur selon I'une quelconque des revendica- 
tions 1 a 10, dans lequel au moms un desd'rts deux 
elements comprend ia somatostatine. 

12. Regulateur selon I'une quelconque des revendica- 
tions 1 & 11, dans lequel au moins un desdits Ele- 
ments comprend le niveau de glucose. 



13. Regulateur selon la revendication 12, dans leque! 
ledit regulateur (102) est adapte pour choisir parmi 
des variantes de therapies de r^ulation. latherapie 
qui a un effet le moins perturbateur sur lasdits ni- 
veaux de glucose. 

14. Regulateur selon Tune quelconque des revendica- 
tions 1 & 13, dans leque! ledit regulateur (1 02) utilise 
uniquement des ctiamps electriques pour regular 
lesdits Elements. 

15. Regulateur selon Tune quelconque des revendica- 
tions 1 a 13, dans lequel ledit regulateur (102) est 
adapte pour prendre en compte des molecutes pre- 
sentes dans le corps pour ladite regulation. 

ie. Regulateur selon la revendication 16, dans lequel 

^edit regulateur (102) ne regule pas la presence 
desdites molecules. 

17. Regulateur selon la revendication 15, dans lequel 
ledit regulateur (1 02) est adapte pour r6guler la pre- 
sence desdites molecules. 
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IB. Regulateur selon I'une quelconque des revendica- 
^ons 15^17, dans lequel lesdites molecules sup- 
priment la secretion tfau moins une hormone pan- 

creatique, 

5 

19. Regulateur selon I'une quelconque des revendica- 
^ons 15 a 17, dans lequel lesdites molecules sup- 
priment I'effet d'au moins une honnone pancreati- 
que. 

10 

20. Regulateur selon I'une quelconque des revendica- 
tlons 15 a 17, dans lequel lesdites molecules aug- 
mentent la secretion d'au moins une hormone pan- 
cr^atique. 

15 

21. Regulateur selon I'une quelconque des revendica- 
tions 15 & 17, dans lequel lesdites molecules aug- 
mentent Teffet d'au moins une hormone pancreati- 
que. 

22. Regulateur selon Tune quelconque des revendica- 
tions 1 a 21, dans lequel le regulateur (102) est 
adapte poursupprlmer une secretion d'une homno- 
ne antagoniste. 

25 - — 

23. Regulateur selon I'une quelconque des revendica- 
tions 1 22, dans lequel ledit regulateur (102) est 
adapte pour augmenter une secretion d'une homio- 
ne antagoniste. 

30 

24. Regulateur selon I'une quelconque des revendica- 
tlons 1 a 21 , dans lequel ledit regulateur (102) est 
adapte pour stocker les interactions de retrocontr©- 
le dudit pancreas. 

35 - - - 

25. Regulateur selon la revendication 24, dans lequei 
desdites interactions de retrocontrole comprennent 
des interactions entre les niveaux d'honnones, 

40 26. R^ulateur selon l*une quelconque des revendlca- 
tions 24 et 25, dans lequel lesdites interactions de 
retrocontrole dependent des niveaux de glucose 
dans le sang. 

45 27. Regulateur selon I'une quelconque des revendica- 
tions 24 a 26, dans lequel ledit regulateur (1 02) est 
adapte pour d^temniner lesdites interactions de r6- 
trocontrdle, en suivant un comportement dudit pan- 
creas (100). 

50 

28. Regulateur selon la revendication 27, dans tequel 
ledit regulateur (1 02) est adapte pour modifier actl- 
vement au moins un d'un niveau de glucose et d'un 
niveau d'honnqne pancreatique, pour recueillir les 

55 informations d'interaction de retrocontrole. 

29. Regulateur selon I'une quelconque des revendica- 
tions 1 a 28, comprenant un ou p)usteurs capteurs 
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(114, 118) pourd^tecterun niveau dudit element r6- 

gule. 

30. Regulateurselon Yune queiconque des rev&ndtca- 
tions t ^ 29, dans lequel ledit regulateur (102) est 
adapts pour estimer un niveau dudit element regu- 
le. 



40. Regulateur selon Tune quelconque des revendica- 
tions 1 a 38, dans lequel ledSt regulateur (102) est 
adapte pour reguler I'activite physiologique. 



31. Regulateur selon I'une quelconque des revendica- 
tions 1 a 30, dans lequel (edit regulateur (102) est 
adapte pour electrifier ladite electrode (112) afin 
d'app^iquer una impulsion non-excitatrice pour ef- 
fectuer ladite regulation. 

32. Regulateur selon I'une quelconque des revendlca- 
tions 1 a 30, dans lequei [edit regulateur (102) est 
adapte pour electrifier fadite electrode (112) afin 
d'appliquer une impulsion excitatrice pour effectuer 
ladite regulation. 

33. Regulateurselon I'une quelconque des revendica- 

tions 1 a 30, dans lequel ledit regulateur (102) est 
adapte pour electrifier ladite Electrode (112) afin de 
modifier le flux sanguin associe audit pancreas 
~ (TOO)" pWr effeOTerfadite^r^^^^ 

34. Regulateurselon la revendication 33, dans lequel 
ledit flux sanguin modlfi^ comprend le flux sanguin 
vers les cellules de g6n6ration d'homnones dudit 

pancreas, 

35. Regulateur selon la revendication 33, dans lequel 
ledit flux sanguin modlfl^ comprend le flux sanguin 
proven ant dudit pancreas (100). 

36. Regulateur selon !a revendication 33, dans lequel 
ledit flux sanguin modifJe comprend le flux sanguin 
provenant des celEufas de generation d'iiormones 
dudit pancreas. 

37. Regulateurselon I'une quelconque des revendica- 
tions 1 a 36, dans lequel ladite au moins une elec- 
trode (112) comprend au molns deux electrodes 
pour placement dans differentes regions dudit pan- 
creas (100) ; et 

dans lequel ledit regulateur (102) est adapte 
pour identifier de fa^on selective differentes regions 
dudit pancreas (100), afin d'obtenirune regulation 
souhaltee par lesdits au moins deux elements, 

38. Regulateurselon I'une quelconque des revendica- 
tions 1 k 37. dans lequel ledit regulateur (102) est 
adapts pour reguler la secretion. 

39. Regulateur selon I'une quelconque des revendica- 
tlons 1 a 38, dans lequel ledit regulateur (102) est 
adapte pour reguler la production. 
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